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1. Executive summary  
Deliverable 5.2 is a software and in particular constitutes the environmental widget for the 
visualization of the environmental insights and of Κey Performance Indicators for each specific 
pilot of CUTLER (THESSALONIKI, ANTWERP, ANTALYA, CORK) based on: the internal 
characteristics of each pilot, the availability of data in each pilot and the environmental science. 
The environmental widget combines high volumes of raw and processed data to deliver 
meaningful visual representations that assist the operator to gain a good understanding of the 
data and the correlations with other parameters and events. The present report describes and 
demonstrates the various functionalities of the environmental widget. 
The information flow on the environmental widget comprises of four independent blocks: Data 
sources, Crawlers, Elasticsearch and Kibana. The data sources were available in many forms and 
formats either as a part of a web page, as a structured web service, as a file or even as an open 
database. In order to get the data from the sources, crawlers were created. Then once the 
crawlers were implemented, all data were pushed to Elasticsearch through the use of the 
Elasticsearch API. The environmental widget uses Elasticsearch to store the data using the 
provided APIs which are responsible for storing and retrieving the data. The data in Elasticsearch 
were organized in indexes. By using these indexes, dashboards were prepared in Kibana. These 
dashboards were created to gather and present all the environmental information for each of the 
pilots. In summary, fourteen environmental dashboards were created i.e. five for Thessaloniki 
pilot, two for Antwerp pilot, five for Antalya pilot and two for Cork. Based on the outcome, it is 
expected that the environmental widget once incorporated to the CUTLER platform will contribute 
to shifting the existing paradigm of policy making towards an evidence-driven approach.  
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2. Introduction 
The concept underpinning CUTLER is to guide decision makers, citizens, public officials and 
planners in the development of policies through an evidence-driven approach enabled by big data 
in order to achieve economic growth, protect the environment, and safeguard social cohesion. In 
order to develop policies that add value to the resilience of a city, CUTLER is focused on shifting 
the existing paradigm of policy making, which is largely based on intuition, towards an evidence-
driven approach enabled by big data [1].  
The basis is the sensing infrastructures installed in the cities, offering demographic data, statistical 
information, environmental sensor readings and user contributed content, forming the big data 
layer of CUTLER. Methods for big data analytics are used to measure the economic activity, 
assess the environmental impact and evaluate the social consequences. The extracted pieces of 
evidence are used to inform, advise, monitor, evaluate and revise the decisions made by policy 
planners [1]. The proposed methodology foresees the use of CUTLER platform to facilitate the 
decisions required to reach the strategic goals of four city-pilots: The City of Thessaloniki in 
Greece, the City of Antwerp in Belgium, the City of Antalya in Turkey, and Cork County in Ireland. 
WP5 titled ‗Big data analytics for sensing the environmental impact‘ aims to: ―bring and connect 
the big-data technology of the CUTLER platform with the business intelligence and data analytics 
science. The first objective of.… The second objective is to derive the meaningful Key 
Performance Indicators (KPIs) that can reveal insights to the users, which combined with the 
outcome of the third objective will visualize it in different ways and tools to the users serving 
as a strong business intelligence component [1]. 
‗Deliverable 5.2  -Visualization widget for making environmental data meaningful‘ is the outcome 
of the implementation of ‗Task 5.3: Implement the visualization widget for insights on 
environmental impact‟. Deliverable 5.2 is practically the environmental widget i.e. the 
developed Dashboards at KIBANA which are accompanied by the present demonstrator. 
The overall objective of D5.2 is to deliver the software for the visualization of the environmental 
insights and of Key Performance Indicators for each specific pilot based on: the internal 
characteristics of each pilot, the availability of data in each pilot and the environmental science. 
This work was based on ‗D5.1: Methodologies, tools, data models and communication protocols 
for assessing the environmental impact‘. Based on [1] the visualization approaches to be 
incorporated in the widget may include tables, charts, graphs and pivot tables that offer flexibility 
to the users to combine any parameter in their dataset.  
The deliverable is organized as follows: 
In Section 3, the methodology that was applied for the development of the dashboards is 
presented. 
In Section 4, the presentation of the environmental dashboards for each pilot is given. In 
particular, sub-section 4.1 is dedicated to Thessaloniki pilot, sub-section 4.2 is focused on 
Antwerp pilot, sub-section 4.3 includes the Antalya case, and final sub-section 4.4 is related to the 
Cork case. 
Conclusions are drawn in Section 5 while the references used are provided in Section 6. 
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3. Methodology  
3.1 WP5 implementation framework 
WP5 implementation framework has been described in Deliverable 5.2: Methodologies, tools, data 
models and communication protocols for assessing the environmental impact [2]. Based on 
Deliverable 5.1, WP5 implementation framework was structured upon four (4) levels i.e. LEVEL 0, 
LEVEL 1, LEVEL 2 and LEVEL 3, as presented in Figure 3-1.  
 
Figure 3-1: WP5 implementation framework [2] 
In particular: 
 In LEVEL 0 for each pilot (THESS, ANT, CORK, ANTA) the following were defined: (i) the 
policy (or measure) objective, (ii) the environmental dimension of the policy (or measure), and 
(iii) the environmental data that are available and relevant.  
 LEVEL 1: Here the main focus was to determine for each pilot straightforward environmental 
indicators relevant to each policy objective and the ways to visualize them through different 
formats (tabular, graphs, maps).  
 LEVEL 2: Here the main focus was to determine for each pilot environmental KPIs that will 
reveal the environmental impact of the policy (measure) for each pilot and the ways to 
visualize them through different formats (tabular, graphs, maps).  
 LEVEL 3: Here the main focus was to develop the environmental widget which will provide 
visualizations of straightforward indicators, KPIs, data, graphs and tables.  
The outputs of LEVEL 0, LEVEL 1 and LEVEL 2 were incorporated in the Deliverable 5.1 while 
the actual visualizations in the context of LEVEL 3 are demonstrated at the present deliverable 
(Deliverable 5.2). As already mentioned in the introduction, the overall objective of D5.2 is to 
deliver the software for the visualization of the environmental insights and of Key Performance 
Indicators for each specific pilot based on: the internal characteristics of each pilot, the availability 
of data in each pilot and the environmental science. This work was based on ‗D5.1: 
Methodologies, tools, data models and communication protocols for assessing the environmental 
impact‘.  
3.2 Widget architecture 
The main mission of the environmental widget of the CUTLER platform was to combine high 
volumes of raw and processed data to deliver meaningful visual representations, that assist the 
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operator to gain a good understanding of the data and the correlations with other parameters or 
events. The environmental widget will be used when the Environmental + Social + Economic 
widgets will all be integrated under the CUTLER platform common roof, in order to serve as a 
complete policy making tool.  
The environmental widget of the CUTLER platform was developed as a custom collection of 
independent graphical representation elements (e.g. charts, maps, tables, heatmaps etc.), which 
were combined into collections forming independent dashboards for each pilot case.  
The information flow on the environmental widget is shown in Figure 3-2 and comprises of four 
independent blocks: Data sources, Crawlers, Elasticsearch and Kibana.  
 
Figure 3-2: Information flow in the environmental widget 
3.2.1 Data Sources 
The data sources block contains all the information defined from the pilot cases which was 
described in D3.1 „Requirements for data crawling, integration and anonymization‟ [3] and later 
was analysed in D5.1 ‗Methodologies, tools, data models and communication protocols for 
assessing the environmental impact‟ [2]. The sources were available in many forms and formats 
either as a part of a web page, as a structured web service (e.g. a RestFull API), as a file (e.g. an 
excel, CSV file) or even as an open database. They mainly involved official data sources or pilot-
user contributions, which were used to populate with data the environmental widget and is the 
starting point of our information flow.  
3.2.2 Environmental data crawlers  
In order to get the data from the sources, the crawlers were created, which were described in 
section 5 of D3.2 „First version of the framework for the collection, cleaning, integration & 
anonymization of big data‟ [3]. The data sources aren‘t usually static but they get updated at 
various time intervals and sometimes they contain measurements at different units for the same 
measured parameters or even provide values with different time granularity (e.g. hourly, daily, 
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weekly etc), therefore the crawlers had to provide some initial transformation and harmonization 
techniques to the crawled data. 
In some cases, further calculations with the collected data were deemed necessary, to produce 
more complex environmental parameters that would be meaningful to consider (e.g. the 
calculation of the Air Quality Index). 
Once the data is ready it is then pushed to Elasticsearch through the use of the Elasticsearch 
API1.  
A typical structure of a crawler and the process executed in the crawler is: 
1. Start crawler 
2. Grab the data from the source 
3. Quality control 
3.1. Are the data complete? 
3.2. Are the data consistent? 
3.3. Are there outliers? 
3.4. Are there duplicates? 
4. Harmonization (pattern handling) 
4.1. Enrich the dataset with information needed in Elastic & Kibana (e.g. station geolocation) 
4.2. Rename parameters to match the environmental data model protocol established in D3.2  
4.3. Metadata enrichment to include other needed fields such as station geolocations and also 
some values (e.g. station names) needed to be represented with a Latin character set  
4.4. Transform data to perform data aggregations 
4.5. Harmonize geographical and time information according to the strategy defined in D3.2 
which mainly involved the use of one common format based on standards 
5. Calculate new parameters needed by the pilot plans (mostly the work presented in D5.1) 
6. Export the data to a file (depending the case it could be a CSV or GeoJSON file) 
7. Push the data to Elasticsearch 
8. Finish crawler 
The crawlers were developed either in python or node.js and were uploaded to the project github 
page (https://github.com/CUTLER-H2020/DataCrawlers/tree/master/Environmental). The names 
of the crawlers created for the environmental data are presented in Table 3-1. 
3.2.3 Elasticsearch  
The environmental widget uses Elasticsearch to store the data using the provided APIs which are 
responsible for storing and retrieving the data. The data in Elasticsearch are organized in 
―indexes‖ which follow a specific structure as described in D3.2 “First version of the framework for 
the collection, cleaning, integration & anonymization of big data” and also take into consideration 
the requirements posed by the presentation layer which is Kibana. Although data may be grouped 
loosely together in an index, there are usually sub partitions inside that data which should be 
explicitly defined. Elasticsearch exposes features such as types and mappings, useful 
                                               
1
 https://www.elastic.co/guide/en/elasticsearch/reference/current/docs.html  
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abstractions for partitioning similar but not identical data inside of an index. An example structure 
of an Elasticsearch index can be seen in Figure 3-3. 
 
 
Figure 3-3: An example of an Elasticsearch "index" used for the Thessaloniki environmental widget 
The names of the indexes created for the environmental widget are presented in Table 3-1. 
3.2.4 Kibana  
Kibana is an open source data visualization plugin for Elasticsearch which provides visualization 
capabilities on top of the content indexed on Elasticsearch. It offers an easy-to-use interface, 
where policy makers can access the Elasticsearch indexes through the discover page, where they 
can display, search and filter the data according to their specifications. The visualization page 
allows the users to create and modify various visualization modules such as bar, line and scatter 
plots, pie charts and maps or time-series analysis and combine them onto a single page in the 
form of custom dashboards, which can be further filtered by overall controls or by clicking on the 
elements within the visualizations. Kibana dashboards can be easily created with the use of a web 
browser and typically, the browser is an adequate tool to build a fully-featured, informative and 
intuitive interface. Those dashboards were created to gather and present all the environmental 
information for each of the pilots. The theory and plan behind the environmental widget for each 
pilot was analyzed in D5.1 „Methodologies, tools, data models and communication protocols for 
assessing the environmental impact‟ and then it developed as a dashboard in Kibana. The 
dashboards created are presented in Table 3-1. 
 
The dashboards that were prepared are available here: 
http://159.89.19.241/app/kibana#/dashboards?_g=()
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Table 3-1: Kibana dashboards created for the environmental widget 
KIBANA Dashboard Brief description of KIBANA Dashboard Index name Crawler name Data code (as described in D5.2) 
1-A (L1) THESS - Air Pollutants 
Concentrations (single) 
The user can select one station and one 
parameter (pollutants or humidity/temperature). 
cutler_thess_envparameters cutler_thess_envparameters.js thess_env_cityofthess_dailyyearly 
1-B (L1) THESS - Air Pollutants 
Concentrations (many) 
The user can select many stations and many 
parameters (pollutants or 
humidity/temperature). 
1-C (L1) THESS - AQI 
The user can select many stations and then 
calculate AQI and see relevant visualizations  
1-D (L2) THESS - Air Pollutants 
Concentrations - Time difference  
The user can select one station and visualize 
pollutants concentration  
1-E (L1&L2) THESS - Speed & 
Emissions - Time difference - 
KPIs 
The user can select different routes of 
Thessaloniki and see various diagrams, and 
tables, NOx emission factors. 
cutler_thess_speedmeasurements_1 cutler_thess_speedmeasurements_1.js thess_env_imet_speed_15min 
2-A (L1) ANTW - Historic Rainfall 
Data 
The user can select many rain gauges and 
visualize graphs and tables for the historic 
rainfall data. 
rain_1 rain_1.js ant_env_cityofant_histprec 
2-B (L1) ANTW - Historic 
groundwater levels 
The user can select many monitoring wells and 
visualize the groundwater level data 
ant_env_cityofant_gwl_(draxis) ant_env_cityofant_gwl_(draxis).js ant_env_cityofant_gwl 
3-A (L1) ANTA - Air Pollutants 
Concentrations  
The user can select many parameters 
(pollutants or other environmental attributes) 
and see relevant visualizations anta_env_airquality_envmin_hourly_draxis anta_env_airquality_envmin_hourly_draxis_(DRAXIS).js ant_env_imec_prec2018 
3-B (L1) ANTA - Air Pollutants 
Concentrations - AQI 
The user can view many visualizations for the 
calculated AQI from the available station 
3-C (L1&L2) ANTA - Water 
quality 
The user can select many sampling points and 
many parameters and visualize graphs for the 
pollutants‘ concentration and the KPI gauge 
anta_env_waterqualityflow_cityofantalya_monthly_draxis anta_water_quality.js ant_env_imec_openwater 
3-D (L2) ANTA - Water quality - 
Time difference 
The user can select one sampling point and 
visualize the pollutants‘ concentration with a 
time factor 
3-E (L1&L2) ANTA Pollutants & 
Number of visitors 
The user can visualize graphs for the 
correlation of the number of visitors with the 
pollutants‘ concentration 
anta_env_waterqualityflow_cityofantalya_monthly_draxis 
anta_soc_visitors_monthly_draxis 
anta_water_quality.js, anta_soc_visitors_monthly.js ant_env_imec_sewer2018 
4-Α (L1&L2) CORK Conflict Map 
The user can visualize a map with several 
layers and a distance measuring tool 
--- --- 
CORK_ENV_EPA_SAC_2015, 
CORK_ENV_EPA_NHA_2012, 
CORK_ENV_EPA_SPA_2015, 
CORK_ENV_EPA_GWWFD_20102015, 
CORK_ENV_EPA_LWFD_20102015, 
CORK_ENV_EPA_RWFD_20102015, 
CORK_ENV_EPA_CWFD_20102015, 
CORK_ENV_EPA_TWFD_20102015, 
CORK_ENV_OPW_FLOODS_2016, 
CORK_ENV_CCC3_LAND_2014   
4-B (L1&L2) CORK Weather - 
Water level - Visitors 
The user can visualize graphs about 
environmental parameters, water level 
monitoring and the number of visitors 
cork_env_met_w_daily 
cork_soc_visitors 
cork_env_opw_wl_15min_draxis 
cork_env_met_w_daily.js 
cork_soc_visitors_daily.js 
CORK_ENV_OPW_WL_15MIN_js 
CORK_ENV_OPW_WL_15min 
CORK_ENV_MET_W_HOURLY 
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3.2.5 Environmental protocol  
In order for all environmental readings in CUTLER to be saved and reported in a common 
manner, a unified schema was established to model and describe each data source, their 
measurements, and requirements/constraints that should be applied in the measurements to 
exclude extreme values. That schema was also used to export data from CUTLER in order to be 
used in other applications/systems.  
The diagram below provides a list of the protocol entities that are used to describe an 
environmental data source and its observations and it was described in detail in section 4 of D3.2 
 
Figure 3-4: Diagram of the entities used in the CUTLER environmental data model and their 
relations [3] 
 
 
The final environmental dashboards are presented in the following section (Section 4). In 
particular, sub-section 4.1 is dedicated to Thessaloniki pilot, sub-section 4.2 is focused on 
Antwerp pilot, sub-section 4.3 includes the Antalya pilot, and final sub-section 4.4 is related to the 
Cork pilot. 
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4. Visualization widgets for each pilot  
4.1 Thessaloniki Pilot 
4.1.1 Dashboard 1-A (L1) THESS - Air Pollutants Concentrations (single) 
 
 
Figure 4-1: Dashboard 1A with a choice of a single parameter per visualization 
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‘Dashboard 1-A (L1) THESS - Air Pollutants Concentrations (single)’ visualizes air pollutants‘ 
concentration data in the city of Thessaloniki. The dashboard (Figure 4-1) is divided into eight 
distinct sections, three of which allow the user to input the necessary parameters for his desired 
visualizations and the remaining five are the resulting graphs based on the selected criteria by the 
user.   
Section 1 – Selecting the desired time range 
The first step in achieving the desired visualizations is to select the time range in the top right 
corner of the dashboard. The user has various options for inputting a time period, in this case the 
relative time range was selected. For this visualization the user has chosen the time range of 5 
years ago to 4 years ago.  
Section 2 – Selecting the air quality monitoring station 
The next step required is the selection of the monitoring station from the drop-down list in the 
upper left section of the dashboard. In this dashboard it is possible to select only one station for 
each visualization. Noteworthy is the fact that the choice of monitoring stations affects all the 
graphs in the dashboard, that will include information only for the selected station.  
 
If the user does not select any station, then by default all stations are included in the 
visualization. This introduces errors in some of the visualizations and some of the 
produced graphs will not represent accurate information. For this reason, it is strongly 
recommended that it is not used that way, since there are better suited graphs in other 
dashboards for visualizations with multiple stations. 
Section 3 – Selecting the desired parameter  
Similar to the selection of monitoring station, the ‗parameter‘ drop-down list in the upper left 
section of the dashboard, only allows one option per visualization. As a result, the user can view 
graphs that include information about a single pollutant (NO, NO2, PM10, PM2.5, O3 and CO) or 
attribute (temperature or relative humidity) and for a single station.  
 
As in section 2, the choice of parameter applies to all the graphs in the dashboard and if 
the user does not select any parameter, the default aggregation of the graphs will 
produce an inaccurate result in some of them which could be misleading. Therefore, we 
advise against using the dashboard in such a way and in case there is a need for inputting 
multiple parameters, the user should refer to the respective dashboard that offers that 
capability. 
Section 4 – Average pollutant concentration in the form of a map 
After the selection of the three necessary parameters for the visualization (Section 1, Section 2, 
Section 3), the dashboard will automatically produce the desired graphs. The first type of 
visualization presents the data of the average concentration of the selected parameter for the 
specified time range on a map, so that the location of the selected station is also visible to the 
user. The colour and size of the circle indicates the level of the pollutant‘s concentration according 
to the available legend in the bottom right corner of the map. When hovering over the circle, the 
tooltip appears and displays the value of the average concentration as well as the longitude and 
latitude of the station (Figure 4-2). The user can also select the polygon or rectangular tool to 
select only one station. After such selection the returning charts will be relevant to this selected 
station only. 
 
! 
 
! 
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Figure 4-2: Map depicting the selected station and the pollutant concentration – tooltip visualization 
Section 5 – Average daily pollutant concentration in the form of a data table   
The next presentation of the data is provided in table format with four columns indicating the date 
(daily aggregation), the selected monitoring station, the name of the selected parameter along 
with its respective unit of measure and of course the value of that parameter, as depicted in 
Figure 4-3.  
 
Figure 4-3: Data table depicting pollutant concentration for the selected station 
The ‗value‘ of the parameter represents the average value of the measurements of the selected 
parameter, from the selected monitoring station in each day. The user can sort the data according 
to one of the four columns (date, station, parameter, value) and by default it is sorted by date. He 
can also export the data in a csv format, either as raw data or formatted data. In the first case (raw 
data) the data is given exactly as is and in the second case (formatted data) there are some minor 
modifications to improve readability.  
The data table is created using the average aggregation for a daily basis, but the table can only 
show a particular amount of entries. As a result, when the user selects a broader time range, the 
number of entries exceeds this amount and there is a change in the time aggregation, which is 
automatically formatted to the next available time unit, for example weekly aggregation. The date 
shown in the table for each entry would be the beginning of every week and the value presented 
would be the average value for that week. In order for the user to view all the entries, he only has 
to click on the zoom-in icon next to each entry, and the entries for that week will be presented.  
Section 6 – Average daily pollutant concentration in the form of a line chart 
The easiest and most descriptive way to visualize the average concentration of the selected 
pollutant is in a line graph, where the x axis represents the time (daily aggregation in the time 
range the user has chosen) and the y axis represents the average value (the units vary according 
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to the selected pollutant and are shown in the legend in the top right corner). As in the table 
visualization (section 6), the average value represents the average value of the measurements of 
the selected parameter, from the selected monitoring station in each day. All the values are 
depicted as dots and are connected with the line. When hovering over a specific dot, the tooltip 
appears and displays valuable information, such as the name and value of the parameter, the unit 
of measure, the selected station and the specific date, as shown in Figure 4-4. 
 
Figure 4-4: Line diagram of average daily pollutant concentration for the selected station - tooltip 
visualization 
The line diagram has been created using the average aggregation for a daily basis; however, it 
can only show a particular amount of entries. As a result, when the user selects a broader time 
range, the number of entries exceeds the permitted amount and there is a change in the time 
aggregation, which is automatically formatted to the next available time unit, in this case weekly 
aggregation. The date shown in the tooltip for each entry is the beginning of every week and the 
value presented, is the average value for that week. The name of the x axis also changes when 
the aggregation switches to another time unit, so the user will know immediately what kind of 
graph he is looking at. In order to view all the entries, the user can use the drill-down feature, 
where he selects a time period in the graph by clicking and dragging the mouse, and the graph 
automatically zooms to the selected range.  
Section 7 – Average monthly pollutant concentration in the form of a bar diagram 
Apart from the daily concentration, Dashboard 1A provides with the visualisation of the monthly 
value of concentration per station. In the bar graph, the x axis represents time (monthly 
aggregation in the time range the user has chosen) and the y axis represents the average value 
(the units vary according to the selected pollutant and are shown in the legend in the top right 
corner). In this case, the average value represents the average value of the measurements of the 
selected parameter, from the selected monitoring station in a month.  
 
Figure 4-5: Bar diagram of average monthly pollutant concentration for the selected station - tooltip 
visualization 
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In Figure 4-5 the selected time range covers year 2014 so the bars are twelve in number and 
correspond to the respective months of the year. When hovering over a specific bar, the tooltip 
appears and displays valuable information, such as the name and value of the parameter, the unit 
of measurement, the selected station and the date in the form of the first day of the month 
represented by the bar. 
Section 8 – KPIs for average pollutant concentration in the form of a gauge diagram  
The last visualisation provided in section 8 aims to represent the Key Performance Indicators 
(KPIs) showing the annual average concentration of NO, NO2, PM10, PM2.5, O3 and CO measured 
on a specific (future) year X+i (e.g. 2020), indexed to emission levels in the year X that the 
parking measure was applied, i.e. in 2017. The KPIs are calculated based on the following 
equation: 
                                                            
                                                          
       
The gauge chart is used in this respect. The specific feature in a new plug-in created by DRAXIS. 
In the example below the user has selected a broad time range, namely the last fifteen years, the 
station of ―25hs MARTIOY‖ and the pollutant ―NO‖ (Figure 4-6). These are the general selections 
that affect the entire dashboard and subsequently the gauge chart.  
More specifically in the chart itself, the user is provided with two drop-down lists where he selects 
the two years that are necessary for the computation of the KPI (Figure 4-7). There are clear 
indications in order to appropriately choose the base and the future year. After this selection, the 
average concentration of the pollutant is calculated for each of the two years and after further 
calculations the KPI is produced as a single value that is presented on the gauge graph.  
 
Figure 4-7: Selection of the two years for the KPI gauge chart 
Figure 4-6: Dashboard selections that affect the visualization of the KPI gauge chart 
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Figure 4-8 shows the resulted graph after the user‘s selections. Here we can see that the KPI for 
pollutant ―NO‖, for the station of ―25hs MARTIOY‖ for the years 2014 and 2013, is 83. 
Another characteristic of this chart, is that it can indicate whether the estimated KPI has a positive 
or a negative environmental impact, according to the colour that the pointer of the gauge shows. 
The threshold is the value 100, for values smaller than 100 the pointer shows green colour, 
revealing a positive environmental impact while for values higher than 100 the pointer shows red 
colour, which indicates a negative environmental impact. In the case of the example, the KPI is 
below 100 so we assume positive environmental impact (Figure 4-8).  
 
Figure 4-8: KPI gauge chart of selected pollutant for the selected station between the two selected years 
 
 
It is important to mention that for the graph to produce accurate results that are useful 
to the user, the selection of the future year should always be greater as a value than 
the selection of the base year, as the label suggests. If the user selects the same year, 
then the resulting KPI will have the value of 100, as one would expect. If the user selects 
a value in the base year that is greater than the future year, the result will be certainly 
false, so we strongly suggest that the graph will not be used this way. 
 
 
 
! 
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4.1.2 Dashboard 1-B (L1) THESS - Air Pollutants Concentrations (many) 
 
 
Figure 4-9: Dashboard 1B with a choice of multiple parameters per visualization 
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‘Dashboard 1-B (L1) THESS - Air Pollutants Concentrations (many)’ visualizes air pollutants‘ 
concentration data in the city of Thessaloniki for more than one station and more than one 
pollutant. The dashboard (Figure 4-9) is divided in eight distinct sections, three of which allow the 
user to input the necessary parameters for his desired visualizations and the remaining five are 
the resulting graphs for the user to consider.   
Section 1 – Selecting the desired time range 
The first and most defining step in achieving the desired visualization is to select the appropriate 
time range in the top right corner of the dashboard. The user has various options for inputting a 
time period, in this case the absolute time range was selected. For this example, the user has 
chosen the time range from January 2013 to May 2014 for the visualization.  
Section 2 – Selecting the air quality monitoring station 
The next step required is the selection of the air quality monitoring station from the drop-down list 
in the upper left section of the dashboard. In this dashboard, it is possible to select more than one 
stations for each visualization in order to compare the resulting graphs. If the user does not select 
any stations, then by default all stations are included in the visualization and the choice of 
monitoring stations affects all the graphs in the dashboard automatically, forcing them to include 
information only for the selected stations. 
Section 3 – Selecting the desired parameter  
Section 3 is basically introducing the differentiations between dashboards 1A and 1B. In this case, 
the parameter drop-down list, in the upper left section of the dashboard, allows the user to select 
multiple parameters per visualization. For some graphs selecting multiple parameters is an 
additional visualization, but for other graphs it is mandatory to choose at least two parameters for 
the outcome to have some value. As a result, the user can view graphs that include information 
about single or multiple parameters (pollutants or attributes) and for one or many stations at the 
same time. As in section 2, the choices of parameters apply to all the graphs in the dashboard 
and if the user does not select any parameters, by default all of them will be included in the 
graphs, resulting in accurate but hardly readable diagrams that are difficult for the user to 
evaluate. All graphs are produced automatically each time a change is made in the selection 
sections. 
Section 4 – Average daily pollutant concentration in the form of data table   
The first visualization consists of a table with four columns, that indicate the date (daily 
aggregation), the selected monitoring stations, the names of the selected parameters along with 
their respective units of measure and of course the values of these parameters, as depicted in 
Figure 4-10. The value in the fourth column represents the average value of the measurements of 
each selected parameter, from the selected monitoring station(s) in each day. When multiple 
stations or multiple parameters are selected, there are multiple entries in the data table with the 
same date, each corresponding to the respective selections and containing the necessary 
information.  
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Figure 4-10: Data table depicting pollutant concentration for multiple selected stations and multiple selected 
parameters 
The table is sorted by date by default but the user has the option of sorting the table according to 
one of the other three columns. He can also export the data in a csv format, either as raw data or 
formatted data. In the first case (raw data) the data is given exactly as is and in the second case 
(formatted data) there are some minor modifications to improve readability.  
The data table is created using the average aggregation for a daily basis, but the table as a whole 
can only show a particular amount of entries. As a result, when the user selects a broader time 
range, the number of entries exceeds the permitted amount and there is a change in the time 
aggregation, which is automatically formatted to the next available time unit. In order for the user 
to view all the entries in this case, they only have to click on the zoom-in icon, and all the existing 
entries will be presented. 
Section 5 – Average daily pollutant concentration in the form of a line diagram 
The next graph is the most common approach to visualizing the pollutants‘ concentration and it 
takes the form of a line graph, where the x axis represents the time (daily aggregation in the time 
range the user has chosen) and the y axis represents the average value (the units vary according 
to the selected pollutant and are shown in the legend in the top right corner). The average value in 
this case represents the average value of the measurements for each selected parameter, from 
the selected monitoring station in each day and every parameter is displayed with a line of 
different colour. All the values are depicted as dots and are connected with the lines, the colours 
of which are assigned according to the legend. When the user selects more than one station and 
more than one parameter, then all values are depicted in the graph, represented by lines of 
different colour (Figure 4-11). When hovering over a specific dot, the tooltip appears and displays 
valuable information, such as the name and value of the parameter, the unit of measure, the 
selected station and the specific date. Since the complexity of the graph increases with each 
added parameter or station, both the legend and the tooltip are extremely useful in deciphering 
the graph and extracting the desired information. 
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Figure 4-11: Line diagram of average daily pollutant concentration for multiple selected stations and 
multiple selected parameters with tooltip 
The line diagram is created using the average aggregation for a daily basis, but it can only show a 
particular amount of entries. As a result, when the user selects a broader time range, the number 
of entries exceeds the permitted amount and there is a change in the time aggregation, which is 
automatically formatted to the next available time unit, in this case weekly aggregation. The date 
shown in the tooltip for each entry would be the beginning of every week and the value presented, 
would be the average value for that week. The name of the x axis also changes when the 
aggregation switches to another time unit, so the user will know immediately what kind of graph 
they are looking at. In order for the user to view all the entries, they can use the drill-down feature, 
where they select a time period in the graph by clicking and dragging the mouse, and the graph 
automatically zooms in the selected range. The selection of multiple stations and parameters does 
not burden the diagram any further, the automatic adjustment of the time unit is put into effect for 
all the displayed values in the graph.  
Section 6 – Average monthly pollutant concentration in the form of a bar diagram 
Section 6 visualization displays the average pollutant concentration per month, in a vertical bar 
diagram, where the x axis represents time (monthly aggregation in the time range the user has 
chosen) and the y axis represents the average value (the units vary according to the selected 
pollutant and are shown in the legend in the top right corner). The difference in this case, is that 
multiple pollutants are selected, so the y axis shows the average value of the measurements of 
two selected parameters, from the selected monitoring station in a month (Figure 4-12). The two 
parameters depicted in the graph are represented by different colours in stacked bars, so as to 
not coincide in the graph and confuse the user. In other words, when the visible bars consist of 
different colours, each value can be calculated by subtracting the two edges of the coloured part 
of the bar.  
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Figure 4-12: Bar diagram of average monthly pollutant concentration for multiple selected parameters and 
one station 
 
Figure 4-13: Bar diagram of average monthly pollutant concentration for multiple selected stations and 
multiple selected parameters 
For example, in Figure 4-12 the average monthly value for December 2013 for the pollutant PM10 
at station ―EGNATIAS‖ is around 75 μg/m3, and not 150 μg/m3 as one could possibly deduce. 
When hovering over a specific bar (or coloured part of a bar in the case that the user had selected 
more than one parameter), the tooltip appears and displays valuable information, such as the 
name and value of the parameter, the unit of measure, the selected station and the date in the 
form of the first day of the month represented by the bar. In this way the user can also view the 
exact values of each monthly average without further calculations.  
The same concept applies to the case that the user selects more than one station for their desired 
visualization. On the other hand, the selection of both multiple stations and multiple parameters 
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will result in information overload, since the columns will be split in many different coloured parts 
and use of the tooltip will be paramount in distinguishing each value.  
Section 7 – Average daily pollutant concentration with relation to Temperature or Relative 
Humidity in the form of a line chart  
The following visualizations are two special kind of diagrams, which are differentiated from the 
previous ones because they incorporate different kinds of values, different types of graphs and 
two y axes with different scales. In the first diagram the user can see the correlation between a 
selected pollutant and the temperature or relative humidity, in the form of a line diagram, that 
represents the average daily concentration. In the line graph, the x axis represents time (daily 
aggregation in the time range the user has chosen), the y axis on the left represents the average 
value of the selected pollutant (the units vary according to the selected pollutant and are shown in 
the legend in the top left corner) and the y axis on the right represents the average value of the 
relative humidity or temperature, depending on the user‘s selection. In Figure 4-14 the selected 
time range covers the time from January 2013 to May 2013 and the user can distinguish two kinds 
of lines, the light petrol blue line that corresponds to the pollutant‘s values and the darker petrol 
blue line that corresponds to the values of relative humidity or temperature, as is also revealed in 
the dynamic legend.  
 
Figure 4-14: Line diagram of average daily pollutant concentration for one station, one pollutant and 
temperature with scroll bar 
This diagram is different from the previous ones for one more reason, there is no tooltip this time. 
Instead, the user handles a thin red moving scroll bar, which shows the date and value for each 
entry, in the dynamic legend in the top left corner. The date shown right over the legend changes 
automatically, as the scroll bar moves horizontally through the graph and the values shown in the 
parentheses next to the legend lines are the corresponding values for that date. In Figure 4-14 the 
scroll bar is on May 4th 2013 and as it becomes obvious in the legend, the average value of the 
pollutant PM10 for the station ―EGNATIAS‖ for that day is 39 μg/m3 and the Relative Humidity is 
52%. When hovering over a line in the legend, then the diagram will show only the values 
represented by that line, which means that if the user wants to see the pollutant‘s measurements 
or the temperature separately, they can do that with the help of the dynamic legend. There is also 
the option to temporarily disable one or more visualizations in the diagram, by selecting it in the 
dynamic legend.   
What is more, an advantage of this graph is that no matter how broad the selected time range, the 
results will always follow a daily aggregation and they will not be formatted to a weekly 
aggregation due to too many entries. Of course, it may be more difficult for the user to select and 
view each specific entry but in this case, the drill-down feature is also available, where the user 
can select a time period in the graph by clicking and dragging the mouse, and the graph 
automatically zooms in on the selected range.  
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Section 8 – Average monthly pollutant concentration with relation to Temperature or 
Relative Humidity in the form of a bar chart  
The final diagram is very similar to the previous one, with the main difference being the unit of 
time, since this graph follows a monthly aggregation. The user can see the correlation between a 
selected pollutant and the temperature or relative humidity, in the form of a bar diagram, where 
each bar represents the average monthly values. In the bar graph, the x axis represents time 
(monthly aggregation in the time range the user has chosen), the y axis on the left represents the 
average value of the selected pollutant (the units vary according to the selected pollutant and are 
shown in the legend in the top left corner) and the y axis on the right represents the average value 
of the relative humidity or temperature, depending on the user‘s selection. In Figure 4-15 the 
selected time range covers the period from January 2013 to May 2014 and the user can 
distinguish two kinds of bars, the light petrol blue, continuous, slightly transparent steps that 
correspond to the pollutant‘s values and the darker petrol blue, thin, distinct bars that correspond 
to the values of relative humidity or temperature.  
 
Figure 4-15: Bar diagram of average monthly pollutant concentration for one station, one pollutant and 
relative humidity with scroll bar 
Like the previous daily line diagram, this diagram is different from the others, since there is no 
tooltip. Instead, the user handles a thin red moving scroll bar, which shows the date and value for 
each entry, in the dynamic legend in the top left corner. The date shown right over the legend 
changes automatically, as the scroll bar moves horizontally through the graph and the values 
shown in the parentheses next to the legend lines are the corresponding values for that date. In 
Figure 4-15 the scroll bar is on June 30th 2013 and as it becomes obvious in the legend, the 
average value of the pollutant PM10 for the station ―EGNATIAS‖ for the month of June is 38 
μg/m3 and the Relative Humidity is 47%.   
 
The goal of these two graphs (section 7, section 8) is to associate the 
measurements of a pollutant with those of the other two attributes, and even 
though the graphs will produce accurate results with a selection of multiple 
pollutants and/or multiple stations, the graphs themselves will become too 
complicated and confusing, and this kind of use is not recommended for the best 
user experience. There are other graphs better suited for comparisons between 
different stations in this dashboard. 
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4.1.3 Dashboard 1-C (L1) THESS - AQI 
 
 
Figure 4-16: Dashboard 1C with AQI visualizations 
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‘Dashboard 1-C (L1) THESS – AQI’ visualizes Air Quality Index (AQI) value based on the air 
pollutants‘ concentration data provided by the air quality monitoring stations in the city of 
Thessaloniki. It is divided into eight distinct sections, two of which allow the user to input the 
necessary parameters for his desired visualizations and the remaining six are the resulting charts 
for the user to consider (Figure 4-16). Since the calculation of the AQI depends only on two 
pollutants, PM10 and PM2.5, there is no need for selecting the parameter in this dashboard from a 
drop-down list, rather than it is already included as a pinned filter for all the graphs in the 
dashboard, as shown in Figure 4-17. 
 
Figure 4-17: Pinned filter including the necessary pollutants for the calculation of the AQI 
Section 1 – Selecting the desired time range 
The first step in achieving the desired visualizations, which is applicable to all dashboards, is to 
select the time range in the top right corner of the dashboard. For the time period input in this 
dashboard, the user had selected the absolute option, where he can manually enter the start date 
and the end date with great accuracy. In this case, the user chosen the time range of the year 
2014.  
Section 2 – Selecting the air quality monitoring station 
The second input that is required by the user is the selection of the air quality monitoring station 
from the drop-down list in the upper left section of the dashboard. In this particular dashboard it is 
possible to select more than one station for each visualization. If the user does not select any 
station, then by default all stations will be included in the visualization. The previously mentioned 
property of the control list, that the choice of monitoring stations affects automatically all the 
graphs in the dashboard, is also applied in this case.  
 
There is a possibility that even though a station was selected, there is no change in 
the resulted graphs. This is the consequence of a shortage of measurements of the 
two necessary pollutants, PM10 and PM2.5, for the selected stations in this time range, 
so in any such case it is advisable to change some of the inputs for the visualization. 
Section 3 – AQI in the form of a heat map graph 
The Air Quality Index is divided into categories according to its calculated value, which is 
translated to health risks that can be caused to the public. Each category is attributed with a 
colour that expresses the level of hazard from green to deep purple. This colour coding is 
visualized in the heat map graph, where the x axis represents the time (daily aggregation in the 
time range the user has chosen) and the y axis indicates the selected stations. As shown in 
Figure 4-18, each day is depicted as a thin bar painted with the colour that corresponds to the 
value of the AQI (the colours are depicted in the legend in the top right corner).  
When the user selects more than one station, the visualization is slightly different from the rest of 
the graphs. The resulting heat map for each station is a horizontal zone within the selected time 
range, and all the zones are stacked vertically, so the user can examine the level of hazard for all 
stations per each day. Since the graph is colour coded, it is very easy to pinpoint the different 
categories and to reach some conclusions quickly with just a glance, nevertheless the user has 
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the option to view each value separately when hovering over a day in the graph. As in all other 
graphs, the tooltip appears and displays the exact value of the AQI, the station and the time with 
daily accuracy. 
 
Figure 4-18: Heat map of daily AQI for multiple selected stations with tooltip 
The heat map graph is created using the maximum aggregation for a daily basis, but it can only 
show a particular amount of entries. As a result, when the user selects a broader time range, the 
number of entries exceeds the permitted amount and there is a change in the time aggregation, 
which is automatically formatted to the next available time unit. In the case of weekly aggregation, 
the date shown in the tooltip for each entry is the beginning of every week and the value 
presented, is the maximum value for that week. The name of the x axis also changes when the 
aggregation switches to another time unit, so the user will know immediately what kind of graph 
they are looking at. In order for the user to view all the entries, he can use the drill-down feature, 
where he selects a time period in the graph by clicking and dragging the mouse, and the graph 
automatically zooms in the selected range. 
Section 4 – AQI in the form of a map 
The next type of visualization is a map where the location of the air monitoring station along with 
the average value of the AQI for the selected time period is presented. In order to view the exact 
value of the average AQI, the user has to hover over the indication on the map and the tooltip 
appears displaying the AQI, as well as the latitude and longitude of the station (Figure 4-19). The 
user can also select the polygon or rectangular tool to select only one station. After such selection 
the returning charts will be relevant to this selected station only. 
 
Figure 4-19: Map depicting multiple selected stations and their respective AQI with tooltip 
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Section 8 – AQI Legend in the form of a picture 
The next visualization in this dashboard is not a graph, but a display of the legend that determines 
the AQI‘s level of health concern according to its numerical value (Figure 4-20). The legend is 
considered very helpful to the user in order to decipher the other graphs better, especially the 
ones in sections 2 and 8. 
 
Figure 4-20: AQI Legend 
Section 6 – AQI in the form of a daily line chart    
From the description of the calculation of the Air Quality Index, the resulted output is defined as an 
attribute of daily frequency, so the next graph that provides a meaningful visualization is a line 
diagram where the x axis represents the time (daily aggregation in the time range the user has 
chosen) and the y axis represents the value of the AQI (the selected station is shown in the 
legend in the top right corner). This is a similar graph with the line diagrams of average 
aggregation for the pollutants‘ concentration, with the difference that in this case the maximum 
value aggregation is used, since the AQI is calculated with the maximum concentration of the two 
pollutants. All the values are depicted as small dots which are connected with a continuous line. 
When the user selects more than one station, both stations are depicted in the graph, represented 
by lines of different colour according to the legend on the right (Figure 4-21). When hovering over 
a specific dot, the tooltip appears and displays valuable information, such as the value of the AQI, 
the selected station and the specific date.  
 
Figure 4-21: Line diagram of daily AQI for multiple selected stations 
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The line diagram is created using the maximum aggregation for a daily basis, but it can only show 
a particular amount of entries. As a result, when the user selects a broader time range, the 
number of entries exceeds the permitted amount and there is a change in the time aggregation, 
which is automatically formatted to the next available time unit. In the case of weekly aggregation, 
the date shown in the tooltip for each entry is the beginning of every week and the value 
presented, is the maximum value for that week. The name of the x axis also changes when the 
aggregation switches to another time unit, so the user will know immediately what kind of graph 
they are looking at. In order for the user to view all the entries, he can use the drill-down feature, 
where he selects a time period in the graph by clicking and dragging the mouse, and the graph 
automatically zooms in the selected range. 
Section 7 – AQI daily values and categorization in the form of data table 
The next visualization consists of a table with four columns that presents information about the 
daily value of the AQI and the category that indicates the level of hazard, as shown in Figure 4-22. 
More specifically, the information is sorted by date according to a daily aggregation and the rest of 
the data include the selected stations, the name of the category and the value, that represents the 
maximum value for that day, as previously applied in the line diagram. The user has the option to 
sort the table by any of the columns. There could be multiple entries for one date, when the user 
selects multiple stations. There is of course the option of exporting the data in a csv format, either 
as raw data (exactly as is) or as formatted data (with minor modifications to improve readability).  
 
Figure 4-22: Data table depicting AQI values and their respective category for multiple selected stations 
 
There is a possibility that there will be multiple entries for one date, which occurs 
if in the same day, there are values that fall into different AQI categories. In that 
case, they are shown in the table as different entries and the same date is due to 
the daily time aggregation, in fact the values correspond to different 
measurements in the day. In order for the user to view all the entries, they only 
have to click on the zoom-in icon next to each entry, and the entries for that day 
will be presented. 
Section 8 – Daily AQI bar diagram with coloured categories 
The last diagram is a more complex visualization of the daily AQI values, in the form of a bar 
diagram (Figure 4-23). As mentioned in the section of the heat map diagram, each category is 
attributed with a colour, from green to deep purple, according to the level of AQI and the 
corresponding level of hazard. This graph is a bit different from the other visualizations so far. The 
x axis represents the selected time range (in this case a broader time range was selected), the y 
axis represents the values of the AQI and there is a thin moving scroll bar that the user handles 
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with the mouse tip, which shows the date and value for each entry, but not with the tooltip as in 
the previous diagrams, rather than in a dynamic legend in the top right corner. The date shown 
right over the legend changes automatically, as the scroll bar moves horizontally through the 
graph and the value shown in the parentheses next to the legend lines is the corresponding value 
for that date. Since each category only shows values in the predefined range, then the actual 
value will be the maximum value shown in the legend.  
For instance, the value for the date December 27th 2011 is 154, but in the parenthesis of the 
green line in the legend the value is 50. This occurs because that category tops at 50 and cannot 
display values over that limit. Respectively, the yellow category shows the value 100 and the 
orange category shows the value 150, but the maximum value displayed in all the other 
categories is the correct one. The result displayed in the graph is a continuous bar diagram split in 
coloured horizontal lines that represent the categories of the AQI and the tip of each bar indicates 
the category and the level of hazard for that day. 
 
Figure 4-23: Daily AQI bar diagram with colored categories 
  
 
As described in section 2, the user has the option of selecting multiple stations for 
the visualizations in this dashboard. However, this graph introduces a complexity 
that would render the diagram with two selected stations unclear and confusing 
to the user. Therefore, it is suggested that in order to appropriately examine the 
results of this specific diagram, only one station should be selected from the drop-
down list. 
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4.1.4 Dashboard 1-D (L2) THESS - Air Pollutants Concentrations - Time difference 
 
 
Figure 4-24: Part of Dashboard 1D – Visualizations with time difference 
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‘Dashboard 1-D (L2) THESS - Air Pollutants Concentrations - Time difference’ visualizes air 
pollutants‘ concentration in the city of Thessaloniki and specifically illustrates the comparisons of 
the pollutants‘ concentration between two consecutive years. It is divided in five distinct sections, 
two of which allow the user to input the necessary parameters for their desired visualizations and 
the remaining three are the resulting graphs for the user to consider (Figure 4-24). This dashboard 
has a unique quality, in the way that the three sections that constitute the graphs are repetitive, 
resulting in a trio of diagrams for each one of the pollutants plus a trio for the AQI. Since there is a 
multitude of graphs that include information for all the pollutants, there is no need for selecting the 
parameter in this dashboard from a drop-down list. Instead, the relevant pollutant is clearly 
mentioned in the title of each graph. In Figure 4-24 only part of the dashboard is presented, since 
the non-visible parts are repetitions of the sections 3, 4 and 5 that are shown in the snapshot. 
Since there is an element of repetition, the description of sections 3, 4 and 5 will be offered once 
and will be considered applicable to the rest of the graphs. 
Section 1 – Selecting the desired time range 
The first step in achieving the desired visualization is to select the time range in the top right 
corner of the dashboard. For the time period input in this case, the user had selected the relative 
option, where he can choose the relative time difference between two dates with great accuracy. 
In this case, the user has chosen the time range of the years 2014 and 2015 for their visualization. 
The graphs in this dashboard have a set yearly time difference, that is applied to all of the 
selected time range. Since the chosen range is from January 1st 2014 to December 31st 2015, the 
second range of the graphs with the fixed yearly difference will be from January 1st 2013 to 
December 31st 2014. It is noteworthy that with this kind of graphs, we can view results from 2013 
without it being included in the selected time range. 
Section 2 – Selecting the air quality monitoring station 
The second input that is required by the user is the selection of the monitoring station from the 
drop-down list in the upper left section of the dashboard. In this particular dashboard it is possible 
to select only one station for each visualization. As previously mentioned, the choice of the 
monitoring station affects automatically all the graphs in the dashboard, so that the concentration 
of all the pollutants for one station is presented with a single option.  
 
If the user does not select any station, then by default all of them are included in the 
visualizations, which result in very complex graphs that are difficult to examine and 
even in errors in some cases, if the time range is very broad. For this reason, it is 
strongly suggested that the user selects a station for accurate results. 
Section 3 – Average pollutant concentration per time in the form of data table 
The first presentation of data consists of a dynamic table which is divided in subsections, 
according to the number of years the user selected in the time range in the dashboard, as 
described in section 1. For example, for this visualization the user selected the time range from 1 
January 2014 to 31st December 2015, so the dynamic data table will consist of two distinct 
subsections, as shown in Figure 4-25. In turn, each subsection is comprised of two columns that 
indicate the date (daily aggregation) and the name of the selected pollutant along with its 
respective unit of measure and of course the value of that pollutant. The value of the pollutant 
represents the average value of its measurements, from the selected monitoring station in each 
day. The user has the option of sorting each subsection of the table according to one of the two 
columns, independently from the other subsections and by default they are sorted by date. There 
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is also the capability to export the data in a csv format, as raw data or as formatted data, for each 
subsection separately.   
 
Figure 4-25: Data table depicting pollutant concentration for the selected station 
The data table is created using the average aggregation for a daily basis, but each subsection can 
only show a particular amount of entries. As a result, when the user selects a broader time range, 
the number of entries exceeds the permitted amount and there is a change in the time 
aggregation, which is automatically formatted to the next available time unit. In order for the user 
to view all the entries, he can zoom in and the entries will be presented. If the user selects a 
broader time range in the dashboard, then the dynamic table will adapt to include the data of that 
year as well.  
Section 4 – Average daily pollutant concentration, with time difference of one year, in the 
form of a line diagram 
The average daily pollutant concentration is depicted in a special kind of line diagram, which 
incorporates three different types of visualization, a line for the current measurements, a line for 
the measurements of the previous year and bars for the difference between the two, in each given 
day. In this line graph, the x axis represents time (daily aggregation in the time range the user has 
chosen) and the y axis represents the average value of the pollutant (the units vary according to 
each pollutant and are shown in the legend in the top left corner). In this type of graph, there is no 
tooltip, instead the user handles a thin red moving scroll bar, which shows the date and value for 
each entry, in the dynamic legend. The date shown right over the legend changes automatically, 
as the scroll bar moves horizontally through the graph and the values shown in the parentheses 
next to the legend lines are the corresponding values for that date.  
According to the legend in Figure 4-26, the petrol blue line corresponds to the current 
measurements of CO for the selected station ―EGNATIAS‖, which means that this is the average 
value of CO on January 28th 2014 and the red line corresponds to the measurements of CO of 
one year ago, which means that this is the average value of CO on January 28th 2013. The grey 
bars, that are so thin they look like lines since the time range is relatively broad, correspond to the 
difference of the measurements for each day. More specifically, the value -1 on January 28th in 
the example of Figure 4-26, translates to a negative impact, since the measurement of the current 
year is higher than that of last year and this is the opposite of the desired goal. By generalizing 
this example for the whole graph, we conclude that when the thin grey bars fall below zero this is 
translated to negative impact and in that way the user can obtain useful information at a glance.  
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Figure 4-26: Line diagram of average daily pollutant (CO) concentration for one station with yearly time 
difference and scroll bar 
When hovering over a line in the legend, then the diagram will show only the values represented 
by that line, which means that if the user wants to see either only the current or only the past 
pollutant‘s measurements separately, he can do that with the help of the dynamic legend. There is 
also the option to temporarily disable one or more visualizations in the diagram, by selecting it in 
the dynamic legend. What is more, an advantage of this kind of graph is that no matter how broad 
the selected time range, the results will always follow a daily aggregation and they will not be 
formatted to a weekly aggregation due to too many entries. Of course, it may be more difficult for 
the user to select and view each specific entry, but in this case, the drill-down feature is also 
available, where the user can select a time period in the graph by clicking and dragging the 
mouse, and the graph automatically zooms in on the selected range.  
Section 5 – Average monthly pollutant concentration, with time difference of one year, in 
the form of a line diagram 
The next visualization is very similar to the previous line diagram, with the main difference 
concerning the type of graph, that in this case is a bar graph and the time aggregation, that in this 
case is monthly aggregation. More specifically, the bar diagram incorporates three different types 
of visualization, bars for the average monthly current measurements, bars for the average monthly 
measurements of the previous year and bars for the difference between the two in each given 
month. In this graph, the x axis represents time (monthly aggregation in the time range the user 
has chosen) and the y axis represents the average value of the pollutant (the units vary according 
to each pollutant and are shown in the legend in the top left corner) (Figure 4-27). In this type of 
graph, there is no tooltip, instead the user handles a thin red moving scroll bar, which shows the 
date and value for each entry, in the dynamic legend. The date shown right over the legend 
changes automatically, as the scroll bar moves horizontally through the graph and the values 
shown in the parentheses next to the legend lines are the corresponding values for that date.  
 
Figure 4-27: Bar diagram of average monthly pollutant (CO) concentration for one station with yearly time 
difference with a scroll bar 
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According to the legend in Figure 4-27, the petrol blue bars correspond to the current 
measurements of CO for the selected station ―EGNATIAS‖, which means that this is the average 
value of CO for the month of December 2014 and the red bars correspond to the measurements 
of CO of one year ago, which means that this is the average value of CO for the month of 
December 2013. The legend shows the specific date, which is December 17th 2014, but the value 
will be the same for all the days of December and this applies to all the other months respectively. 
The grey bars, that are more distinguishable compared to the graph of Section 4, correspond to 
the difference of the measurements for each month. More specifically, the value -0.1 on 
December in the example of Figure 4-27, translates to a negative impact, since the measurement 
of the current year is higher than that of last year and this is the opposite of the desired goal. By 
generalizing this example for the whole graph, we conclude that the grey bars which fall below 
zero indicate negative impact and in that way the user can obtain useful information at a glance.  
Similar to the graph of the previous section, when hovering over a line in the legend, then the 
diagram will show only the values represented by that line, which means that if the user wants to 
see either only the current or only the past pollutant‘s measurements separately, they can do that 
with the help of the dynamic legend. This also applies to the difference of the two time-series. 
There is also the option to temporarily disable one or more visualizations in the diagram, by 
selecting it in the dynamic legend. The drill-down feature is applicable in case the user wants to 
select a specific month, that is less visible due to a wider time selection from the dashboard. 
 
At this point, it is important to note that even though the description is 
concluded, there are many more graphs included in this dashboard. The same trio 
of graphs is repeated for the following pollutants: NO, NO2, O3, PM10, PM2.5 as well 
as for the Air Quality Index. All in all, the dashboard consists of 23 sections. 
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4.1.5 Dashboard 1-E (L1&L2) THESS - Speed & Emissions - Time difference - KPIs 
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Figure 4-28: Dashboard 1E with Speed & Air Pollutants Emissions, Time difference and KPIs visualizations 
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‗Dashboard 1-E (L1&L2) THESS - Speed & Emissions - Time difference - KPIs’ combines 
many different types of visualizations, concerning the collected data about the emission factors, in 
relation to the speed of vehicles on certain routes of the city of Thessaloniki. It is divided into 
fourteen distinct sections, two of which allow the user to input the necessary parameters for their 
desired visualizations and the remaining twelve are the resulting graphs for the user to consider. 
This dashboard incorporates visualizations of emission factors and speed for one or more routes, 
KPIs for the emission factors and comparative graphs with a time difference of one year. 
Section 1 – Selecting the desired time range 
The first step in achieving the desired visualization is to select the time range in the top right 
corner of the dashboard. The user has various options for inputting a time period, in this case the 
quick time range was selected. In that way, the user is provided with 22 options of predetermined 
indicative time ranges, so as to make a quick selection instead of inputting a specific date. In this 
case, the user has chosen the time range of the last 2 years for his visualizations.  
Section 2 – Selecting the desired route 
The next step required is the selection of the desired route at the centre of Thessaloniki from the 
drop-down list in the upper left section of the dashboard. In this dashboard, it is possible to select 
more than one route for each visualization in order to compare the resulting graphs. Noteworthy is 
the fact that the choice of routes affects all the graphs in the dashboard, that will include 
information only for the selected routes.  
 
If the user does not select any routes, then by default all routes are included in the 
visualization. Even though the graphs will produce accurate information in this case, 
they will be fairly complex to examine and for this reason, it is recommended that the 
user keeps it in mind when selecting this visualization. 
Section 3 – Displays of the average values of speed and emission factors per route as 
single numbers 
The first visualization in this dashboard is 
a simple display of average values, that 
are considered important, as single 
numbers (Figure 4-29).  
The measurements selected to appear in 
this visualization for each selected route 
and type of emissions is a pre-defined set 
of three values and more specifically 
include the average speed and the 
calculated emission factors for NOx and 
Non-methane volatile organic compounds 
(NMVOCs). As far as the value of the 
measurements is concerned, it represents 
the average for the selected time period 
in the dashboard.  
 
Figure 4-29: Displays of the average values of speed, NOx 
emission factor and NMVOC emission factor as single 
numbers 
In this example, the first presented value represents the average speed for route ―Egnatia 
(Syntribani - Plateia Dhmokratias)‖ for the last 2 years, the second one represents the average 
NOx emission factor for route ―Egnatia (Syntribani - Plateia Dhmokratias)‖ and the third represents 
the average NMVOC emission factor also for the last 2 years. In case multiple routes are selected 
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in the drop-down list, then the visualization will include the set of three values for every selected 
route.  
Section 4 – Average NOx Emission Factor (g/km) and speed (km/h) with time 
The following line graph is a pair of associated visualizations concerning the NOx emission factor 
measured in g/km and the average speed for a specific route measured in km/h. The x axis 
represents the time (unit of time is 15 minutes for the overall time range the user has chosen), the 
y axis on the left represents the average value of the NOx emission factor in g/km and the y axis 
on the right represents the average value of the speed in km/h (Figure 4-30). The average value 
in this case consists of the average value of the measurements of NOx emission factor or speed 
for the selected route in each time unit. All the values are depicted as dots and are connected with 
the line. When hovering over a specific dot, the tooltip appears and displays valuable information, 
in this case the value of NOx emission factor in g/km or speed in km/h, the selected route and the 
specific date. The advantage of the two separate y axes is the use of two separate scales, since 
they offer a more detailed view of the visualized graphs, thus allowing the user to discover the 
relation between the two measures. However, introducing more than one selected route in the 
visualization will create an overloaded graph that will be difficult to examine, so it is discouraged 
for this graph.  
 
Figure 4-30: Line diagram of average NOx emission factor (g/km) and speed (km/h) - minimum 15minute 
interval 
The line diagram is created using the average aggregation for a 15-minute time period, but it can 
only show a particular amount of entries. As a result, when the user selects a broader time range, 
the number of entries exceeds the permitted amount and there is a change in the time 
aggregation, which is automatically formatted to the next available time unit, in that case daily or 
even weekly aggregation. The date shown in the tooltip for each entry is the beginning of every 
week and the presented value is the average value for that week. The name of the x axis also 
changes when the aggregation switches to another time unit, so the user will know immediately 
what kind of graph he is looking at. In order for the user to view all the entries, he can use the drill-
down feature, where they select a time period in the graph by clicking and dragging the mouse, 
and the graph automatically zooms in the selected range. 
Section 5 – Average NMVOC Emission Factor (g/km) and speed (km/h) with time 
The graph in this section of the dashboard has the exact same characteristics with the previous 
one, with the great difference being the use of the NMVOC emission factor‘s values instead of 
NOx emission factor. 
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Figure 4-31: Line diagram of average NMVOC emission factor (g/km) and speed (km/h) - minimum 
15minute interval 
Section 6 – Displays of the average values of speed and emission factor per route in the 
form of data table   
In section 6 data are displayed in a table with six columns, that indicate the date and time with 
entries every fifteen minutes, the selected route, the emission factors for NOx and NMVOC along 
with their units and the speed with its unit (Figure 4-32). The values of the emission factors 
represent the average values of the measurements of each emission factor, from the selected 
route in each day. The user has the option of sorting the table according to one of the six columns 
and by default it is sorted by date. There is also the capability to export the data in a csv format, 
either as raw data or formatted data. In the first case the data is given exactly as is and in the 
second case there are some minor modifications to improve readability.  
The data table is created using the average aggregation based on the minimum time unit of data, 
which is 15 minutes, but the table can only show a particular amount of entries. As a result, when 
the user selects a broader time range, the number of entries exceeds the permitted amount and 
there is a change in the time aggregation, which is automatically formatted to the next available 
time unit, in this case daily aggregation. In order for the user to view all the entries, he just clicks 
on the zoom-in icon next to each entry on the column ―Time‖, and more entries will be presented.  
 
Figure 4-32: Data table depicting emission factors and speed per route 
Section 7 – Average speed per route in the form of a line chart 
In section 7 the user can visualize the average speed of the selected route in a line graph, where 
the x axis represents the time (unit of time is 15 minutes for the overall time range the user has 
D5.2-Visualization widget for making environmental data meaningful         CUTLER-770469 
 
Filename: CUTLER_D5.2_final.docx                                                                                                              Page 44 of 93 
chosen) and the y axis represents the average value of speed in km/h (Figure 4-33). The average 
value represents the average value of speed measurements of the selected route in each time 
unit. All the values are depicted as dots and are connected with the line. When hovering over a 
specific dot, the tooltip appears and displays valuable information, in this case the value of speed 
in km/h, the selected route and the specific date. When multiple routes are selected, they are 
presented in the graph with different colours according to the legend in the top right corner. 
 
Figure 4-33: Line diagram of average speed per route (minimum 15minute interval) 
The line diagram is created using the average aggregation for a 15-minute time period, but it can 
only show a particular amount of entries. As a result, when the user selects a broader time range, 
the number of entries exceeds the permitted amount and there is a change in the time 
aggregation, which is automatically formatted to the next available time unit, in that case daily or 
even weekly aggregation. The date shown in the tooltip for each entry is the beginning of every 
week and the value presented, is the average value for that week. In order for the user to view all 
the entries, he can use the drill-down feature and the graph will automatically zoom in the selected 
range. 
Section 8 – Average monthly speed per route in the form of a bar diagram 
In the bar graph, the x axis represents time (monthly aggregation in the time range the user has 
chosen) and the y axis represents the average value of speed in km/h (Figure 4-34). In this case, 
the average value represents the average monthly values of speed, for the selected route. When 
hovering over a specific bar, the tooltip appears and displays valuable information, in this case the 
value of speed in km/h, the selected route and the date in the form of the first day of the month 
represented in each bar.  
 
Figure 4-34: Bar diagram of monthly average speed per route 
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Section 9 – KPI for NOx Emission Factors in the form of a gauge chart  
Visualisation provided in section 9 aims to represent the Key Performance Indicators (KPIs) 
showing the annual average emission factors of NOx and NMVOC measured on a specific (future) 
year X+i (e.g. 2020), indexed to emission factors of NOx and NMVOC in the year X that the 
parking measure was applied, i.e. in 2017. The KPIs are calculated based on the following 
equation: 
                                                               
                                                             
       
The gauge chart is used in this respect. The overall selections that affect the whole dashboard, 
namely the time range and the route, apply to the gauge graph as well. More specifically in the 
graph itself, the user is provided with two drop-down lists where he selects the two years that are 
necessary for the computation of the KPI. There are clear indications in order to appropriately 
choose the base and the future year. After this selection, the average emission factor of the NOx 
is calculated for each of the two years and after further calculations the KPI is produced as a 
single value that is presented on the gauge graph (Figure 4-35).  
Another characteristic of this graph, is that it can indicate whether the estimated KPI has a 
positive or a negative environmental impact, according to the colours of the gauge. The defining 
threshold is the value 100, the values before that are attributed with a green colour, which 
indicates positive environmental impact and the values after that are coloured red, which indicates 
negative environmental impact. It is important to mention that for the graph to produce accurate 
result that are useful to the user, the selection of the future year should always be greater as a 
value than the selection of the base year, as the label suggests. What is more, the KPI can be 
calculated accurately when only one route is selected for the visualization, so multiple selections 
are discouraged in this case. 
 
Figure 4-35: KPI gauge graph for NOx emission factor for the selected route between the two selected 
years 
Section 10 – Average daily emission factors (g/km) per route, with time difference of one 
year, in the form of a line diagram 
The average daily value of the NOx emission factor is depicted in a special kind of line diagram, 
which incorporates three different types of visualization, a line for the current measurements, a 
line for the measurements of the previous year and bars for the difference between the two, in 
each given day. In this line graph, the x axis represents time (daily aggregation in the time range 
the user has chosen) and the y axis represents the average value of the NOx emission factor in 
g/km as shown in the legend in the top left corner (Figure 4-36). In this type of graph, there is no 
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tooltip, instead the user handles a thin red moving scroll bar, which shows the date and value for 
each entry, in the dynamic legend. The date shown right over the legend changes automatically, 
as the scroll bar moves horizontally through the graph and the values shown in the parentheses 
next to the legend lines are the corresponding values for that date.  
According to the legend in the top left corner, the petrol blue line corresponds to the current 
measurements of the NOx emission factor for the selected route, which means that this is the 
average value of the NOx emission factor on that date and the red line corresponds to the 
measurements of the NOx emission factor of one year ago, which means that this is the average 
value of the NOx emission factor on that date but on the previous year. The grey bars, that are so 
thin they look like lines since the time range is relatively broad, correspond to the difference of the 
measurements for each day.  
 
Figure 4-36: Line diagram of average daily NOx emission factor for the selected route with yearly time 
difference with a scroll bar 
What is more, an advantage of this kind of graph is that no matter how broad the selected time 
range, the results will always follow a daily aggregation and they will not be formatted to a weekly 
aggregation due to too many entries. Of course, it may be more difficult for the user to select and 
view each specific entry, but in this case, the drill-down feature is also available, where the user 
can select a time period in the graph by clicking and dragging the mouse, and the graph 
automatically zooms in on the selected range. There is also the option to temporarily disable one 
or more visualizations in the diagram, by selecting it in the dynamic legend. 
Section 11 – Average monthly emission factor (g/km) per route, with time difference of one 
year, in the form of a bar diagram 
The next visualization is very similar to the previous line diagram, with the main difference 
concerning the type of graph, that in this case is a bar graph and the time aggregation, that in this 
case is monthly aggregation. More specifically, the bar diagram incorporates three different types 
of visualizations, i.e. bars for the average monthly current measurements of the NOx emission 
factor, bars for the average monthly measurements of the previous year and bars for the 
difference between the two in each given month (Figure 4-37). In this graph, the x axis represents 
time (monthly aggregation in the time range the user has chosen) and the y axis represents the 
average value of the NOx emission factor in g/km as shown in the legend in the top left corner. In 
this type of graph, there is no tooltip, instead the user handles a thin red moving scroll bar, which 
shows the date and value for each entry, in the dynamic legend. The date shown right over the 
legend changes automatically, as the scroll bar moves horizontally through the graph and the 
values shown in the parentheses next to the legend lines are the corresponding values for that 
date.  
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Figure 4-37: Bar diagram of average monthly NOx emission factor for the selected route with yearly time 
difference with a scroll bar 
According to the legend in Figure 4-37, the petrol blue line corresponds to the current 
measurements of the NOx emission factor for the selected route, which means that this is the 
average value of the NOx emission factor for that month and the red line corresponds to the 
measurements of the NOx emission factor of one year ago, which means that this is the average 
value of the NOx emission factor for that month on the previous year, respectively. The grey bars, 
that are more distinguishable compared to the graph of Section 11, correspond to the difference of 
the measurements for each month.  
Similar to the graph of the previous section, when hovering over a line in the legend, then the 
diagram will show only the values represented by that line, which means that if the user wants to 
see either only the current or only the past NOx emission factor‘s measurements separately, they 
can do that with the help of the dynamic legend. This also applies to the difference of the two-time 
series. There is also the option to temporarily disable one or more visualizations in the diagram, 
by selecting it in the dynamic legend. What is more, the drill-down feature is applicable in case the 
user wants to select a specific month, that is less visible due to a wider time selection from the 
dashboard. 
Section 12 – KPI for NMVOC emissions in the form of a gauge diagram 
 
Figure 4-38: KPI gauge graph for NMVOC emission factor for the selected route between the two 
selected year 
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The graph in this section of the dashboard has the exact same characteristics with the graph of 
section nine with the great difference being the use of the NMVOC emission factor‘s values 
instead of NOx emission factor. 
Section 13 – Average daily NMVOC emission factor (g/km) per route, with time difference of 
one year, in the form of a line diagram 
The graph in this section of the dashboard has the exact same characteristics with the graph of 
section ten, with the great difference being the use of the NMVOC emission factor‘s values 
instead of NOx emission factor. 
 
Figure 4-39: Line diagram of average daily NMVOC emission factor for the selected route with yearly time 
difference with a scroll bar 
Section 14 – Average monthly NMVOC emission factor (g/km) per route, with time 
difference of one year, in the form of a bar diagram 
The graph in this section of the dashboard has the exact same characteristics with the graph of 
section eleven, with the great difference being the use of the NMVOC emission factor‘s values 
instead of NOx emission factor. 
 
Figure 4-40: Bar diagram of average monthly NMVOC emission factor for the selected route with yearly 
time difference with a scroll bar 
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4.2 Antwerp Pilot 
4.2.1 Dashboard 2-A (L1) ANTW - Historic Rainfall Data 
 
Figure 4-41: Dashboard 2A – Historic rainfall data for the city of Antwerp 
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‘Dashboard 2-A (L1) ANTW - Historic Rainfall Data’ visualizes the historic rainfall data in the 
city of Antwerp, as collected by several rain gauges in the city. It is divided in six distinct sections, 
two of which allow the user to input the necessary parameters for their desired visualizations and 
the remaining four are the resulting graphs.   
Section 1 – Selecting the desired time range 
The first step in achieving the desired visualization is to select the time range in the top right 
corner of the dashboard. The user has various options for inputting a time period, in this case the 
relative time range was selected. More, specifically, the user has chosen the time range of 20 
years ago to 19 years ago for their visualization, namely the year 1999.  
Section 2 – Selecting the rain gauge 
The next step required is the selection of the rain gauge from the drop-down list in the upper left 
section of the dashboard. In this dashboard it is possible to select multiple rain gauges for each 
visualization. Noteworthy is the fact that the choice of rain gauges affects all the graphs in the 
dashboard, that will include information only for the selected rain gauges.  
 
If the user does not select any rain gauges, then by default all of them are 
included in the visualization. For each added rain gauge that is selected, the 
complexity of the graphs in the dashboard increases significantly and even though 
the results will be accurate, the graphs may be too difficult to read. For this 
reason, it is recommended that the user selects fewer rain gauges. 
Section 3 – Average height of rainfall in the form of a map  
After the input of the two necessary parameters for the visualization, the dashboard will 
automatically produce the desired graphs. The first type of visualization impresses the data 
reflecting the average height of rainfall of the selected rain gauges for the specified time range on 
a map, so that the location of the selected rain gauge is also visible to the user. The colour and 
size of the circle also indicate the height of rainfall, according to the available legend in the bottom 
right corner of the map. When hovering over the circle, the tooltip appears and displays the value 
of the average height of rainfall as well as the longitude and latitude of the rain gauge (Figure 
4-42).  
 
Figure 4-42: Map depicting the selected rain gauges and the average height of rainfall - tooltip visualization 
The user can also select the polygon or rectangular tool to select only one rain gauge. After such 
selection the returning charts will be relevant to this selected rain gauge only. 
Section 4 – Cumulative height of rainfall per time in the form of a line diagram 
The cumulative height of rainfall represents the increasing in precipitation height, by successive 
additions, and it is depicted in a special kind of line diagram. In this line graph, the x axis 
represents time (unit of time is 10 minutes for the time range the user has chosen) and the y axis 
represents the value of the cumulative height of rainfall in mm, according to the dynamic legend in 
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the top left corner (Figure 4-43). Each selected rain gauge is represented in the graph by a line of 
different colour, again according to the dynamic legend. In this type of graph, there is no tooltip, 
instead the user handles a thin red moving scroll bar, which shows the date, time and value for 
each entry, in the dynamic legend. The date and time shown right over the legend changes 
automatically, as the scroll bar moves horizontally through the graph and the values shown in the 
parentheses next to the legend lines are the corresponding values for that date and time.  
 
Figure 4-43: Line diagram of cumulative height of rainfall for multiple selected rain gauges with scroll bar 
When hovering over a line in the legend, then the diagram will show only the values represented 
by that line, which means that if the user wants to see the cumulative height of the selected rain 
gauges separately, he can do that with the help of the dynamic legend. There is also the option to 
temporarily disable one or more visualizations in the diagram, by selecting it in the dynamic 
legend. 
What is more, an advantage of this kind of graph is that no matter how broad the selected time 
range, the results will always follow the predefined time aggregation and they will not be formatted 
to a daily or weekly aggregation due to too many entries. Of course, it may be more difficult for the 
user to select and view each specific entry, but in this case, the drill-down feature is also 
available, where the user can select a time period in the graph by clicking and dragging the 
mouse, and the graph automatically zooms in on the selected range.  
Section 5 – Average height of rainfall with time in the form of a bar diagram   
The next visualization displays the 
average height of rainfall with time, in a 
vertical bar diagram, where the x axis 
represents time (10-minute intervals in 
the time range the user has chosen) 
and the y axis represents the value in 
mm. The selected rain gauges are 
shown in the legend in the top right 
corner of the graph. When a single rain 
gauge is selected, the graph is fairly 
straightforward, since the height of the 
bars is equivalent to the average value 
of rainfall.  
 
Figure 4-44: Bar diagram of average height of rainfall with 
time for multiple selected rain gauges - limited time range 
with tooltip visualization 
In the occasion that multiple rain gauges are selected, they are represented by different colours in 
stacked bars, so as to not coincide in the graph and confuse the user. In other words, when the 
visible bars consist of different colours, each value can be calculated by subtracting the two edges 
of the coloured part of the bar. For example, in Figure 4-44 the average value of the height of 
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rainfall for August 8th 1999 from rain gauge ―Van Cauwelaertsluis‖ is 0.111 mm, which is the 
subtraction of 0.007 and 0.125 from 0.243 and not 0.243 mm as one could possibly deduce. 
When hovering over a specific bar, or coloured part of a bar in case the user selected more than 
one rain gauges, the tooltip appears and displays valuable information, such as the name and 
code of the rain gauge, the height of rainfall, and the unit of time with the respective date. In this 
way the user can also view the exact values of each measurement without further calculations. It 
is important to mention, that the more rain gauges the user inserts in the visualization, the more 
complex the graph will be and it will be even harder to distinguish the average value for each one.  
In the scenario that the user selects a very broad time range from the dashboard, the unit of time 
in the x axis will be automatically formatted to the next available one, because the graph can only 
show a particular amount of entries. The name of the x axis also changes when the aggregation 
switches to another time unit, so the user will know immediately what kind of graph they are 
looking at. In order for the user to view all the entries, he can use the drill-down feature, where 
they select a time period in the graph by clicking and dragging the mouse, and the graph 
automatically zooms in the selected range.  
Section 6 – Daily height and cumulative height of rainfall for each rain gauge in the form of 
data table 
The final presentation of data consists of a dynamic table which is divided in subsections, 
according to the number of rain-gauges the user selected, as described in section 2. For example, 
for this visualization the user selected the rain gauges ―Van Cauwelaertsluis‖, ―Driehoekstraat‖ 
and ―Booswegske‖, so the dynamic data table will consist of three distinct subsections, as shown 
in Figure 4-45. In turn, each subsection is comprised of three columns that indicate the date (daily 
aggregation), the average height of rainfall and the cumulative height of rainfall for the selected 
time range. The height of rainfall represents the average value of rainfall, for the selected rain 
gauge in each day and the smallest time unit that contains measurements and the user can view, 
is 10 minutes. In order to view entries with a smaller time unit, the user has to click on the zoom-in 
icon next to each entry. The user has the option of sorting each subsection of the table according 
to one of the three columns, independently from the other subsections and by default they are 
sorted by date. There is also the possibility to export the data in a csv format, either as raw data or 
formatted data, for each subsection separately. In the first case the data is given exactly as is and 
in the second case there are some minor modifications to improve readability.  
 
Figure 4-45: Data table depicting height and cumulative height of rainfall for the selected rain gauges per 
week, due to a broad selected time range 
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When the user selects more rain gauges in the dashboard, the dynamic table will adapt to include 
the data of those as well. In this particular graph, the maximum number of subsections that can be 
presented is 5. As a result, even if the user selects more rain gauges from the drop-down list, they 
will not be shown in the table.  
D5.2-Visualization widget for making environmental data meaningful         CUTLER-770469 
 
Filename: CUTLER_D5.2_final.docx                                                                                                                                                                                    Page 54 of 93 
4.2.2 Dashboard 2-B (L1) ANTW - Historic groundwater levels 
 
 
Figure 4-46: Dashboard 2B – Historical data of groundwater levels for the city of Antwerp 
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‘Dashboard 2-B (L1) ANTW - Historic groundwater levels’ visualizes the historical data of 
groundwater levels in the city of Antwerp, as monitored manually by several monitoring wells in 
the city. It is divided in five distinct sections, two of which allow the user to input the necessary 
parameters for their desired visualizations and the remaining three are the resulting graphs for the 
user to consider.   
Section 1 – Selecting the desired time range 
The first step in achieving the desired visualization is to select the time range in the top right 
corner of the dashboard. The user has various options for inputting a time period, in this case the 
absolute time range was selected. With this option the user can input the desired dates manually 
or select them from the available calendar. In this example the user has chosen the time range 
between January 1st 2004 and December 31st 2010 for visualising.  
Section 2 – Selecting the well code 
The next step required is the selection of the well code from the drop-down list in the upper left 
section of the dashboard. In this dashboard it is possible to select multiple wells for each 
visualization. It is important to note that the choice of well codes affects all the graphs in the 
dashboard, that will include information only for the selected well codes.  
 
If the user does not select any well codes, then by default all of them are included 
in the visualization. The number of well codes reaches to 400, which is why we 
caution the user to select a smaller combination of well codes so that the produced 
graphs are not overloaded. 
Section 3 – Average groundwater level per time in line diagram   
The first visualization takes the form of a line graph, where the x axis represents the time (weekly 
aggregation in the time range the user has chosen) and the y axis represents the average value in 
m TAW. The selected well codes are shown in the legend in the top right corner of the graph. The 
average value in this case, represents the average value of the measurements of the selected 
well code each week. All the values are depicted as dots and are connected with the lines, the 
colours of which are assigned according to the legend. When the user selects more than one well 
codes, then all values depicted in the graph are represented by lines of a different colour (Figure 
4-47). 
When hovering over a 
specific dot, the tooltip 
appears and displays 
valuable information, such 
as the value of the 
groundwater level and the 
unit of measure, the 
selected well code and the 
specific week (represented 
by the first day of that 
week), as shown in Figure 
4-47. Since the complexity 
of the graph increases with 
each added parameter or 
station, both the legend and 
the tooltip are extremely 
 
Figure 4-47: Line diagram of average weekly groundwater level for multiple 
selected well codes – tooltip visualization 
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useful in deciphering the 
graph. 
In the scenario that the user selects a very broad time range from the dashboard, the unit of time 
in the x axis will be automatically formatted to the next available one because the graph can only 
show a particular amount of entries. The name of the x axis also changes when the aggregation 
switches to another time unit, so the user will know immediately what kind of graph they are 
looking at. In order for the user to view all the entries, he can use the drill-down feature, where he 
selects a time period in the graph by clicking and dragging the mouse, and the graph 
automatically zooms in on the selected range.  
Section 4 – Groundwater level data for each monitoring well in the form of data table 
The next presentation of the data consists of a table with five columns, that indicate the date 
(weekly aggregation), the name of the wider area of the selected well‘s location, the name of the 
selected well code, the remarks for this well and of course the value of the groundwater level with 
the unit of measure, as depicted in Figure 4-48. The date shown in the table for each entry is the 
beginning of every week and the value of the groundwater level represents the average value of 
the measurements, from the selected well each week. The user can sort the table according to 
one of the five columns and by default it is sorted by date. He can also export the data in a csv 
format, either as raw data or formatted data. In the first case the data is given exactly as is and in 
the second case there are some minor modifications to improve readability.  
The data table is created using 
the average aggregation for a 
weekly basis, but the table can 
only show a particular amount of 
entries. As a result, when the 
user selects a broader time 
range, the number of entries 
exceeds the permitted amount 
and there is a change in the time 
aggregation, which is 
automatically formatted to the 
next available time unit.  
 
Figure 4-48: Data table depicting data on groundwater level for the 
selected well codes 
In order for the user to view all the entries, they only have to click on the zoom-in icon next to 
each entry, and the entries for that month will be presented.  
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Section 5 – Average groundwater level in the form of a map  
 
Figure 4-49: Map depicting selected well codes 
and average groundwater level - tooltip 
visualization 
The final type of visualization impresses the 
data reflecting the average groundwater level 
for the specified time range on a map, so that 
the locations of the selected well codes are 
also visible to the user. The colour and size of 
the circle also indicate the groundwater level, 
according to the available legend in the bottom 
right corner of the map. When hovering over 
the circle, the tooltip appears and displays the 
value of the average groundwater level as well 
as the longitude and latitude of the well code 
(Figure 4-49). The user can also select the 
polygon or rectangular tool to select only one 
well. After such selection the returning charts 
will be relevant to this selected well only. 
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4.3 Antalya Pilot 
4.3.1 Dashboard 3-A (L1) ANTA - Air Pollutants Concentrations 
 
Figure 4-50: Dashboard 3A – Air Pollutants concentrations with a choice of multiple parameters per visualization 
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‘Dashboard 3-A (L1) ANTA - Air Pollutants Concentrations’ visualizes air pollutants 
concentration data and other attributes data provided by a senor in Antalya. The dashboard 
(Figure 4-50) is divided in six distinct sections, two of which allow the user to input the necessary 
parameters for their desired visualizations and the remaining four are the resulting graphs.   
Section 1 – Selecting the desired time range 
The first selection in achieving the desired visualizations is to define the appropriate time range in 
the top right corner of the dashboard. The user has various options for inputting a time period, in 
this case the absolute time range was selected. In this example the user has chosen the time 
range from January 2018 to February 2019 for the visualizations.  
Section 2 – Selecting the desired parameter  
Apart from the time range definition, the user can control his requests by selecting the parameters 
he wants to examine. In this case, the drop-down list of parameters allows the user to select 
multiple parameters per visualization. As a result, the user can view graphs that include 
information about either a single or several parameters (pollutants or attributes at the same time). 
All graphs are produced automatically each time a change is made in the selection sections.  
 
The choices of parameters apply to all the graphs in the dashboard and if the user 
does not select any parameters, by default all of them will be included in the graphs, 
resulting in accurate but hardly distinguishable diagrams that are difficult for the user 
to evaluate. 
Section 3 – Station location and number of measurements for selected parameter in the 
form of a map 
The first type of visualization illustrates the data reflecting the number of measurements of the 
selected parameter for the specified time range on a map, so that the location of the station is also 
visible to the user. The colour and size of the circle indicates the number of measurements that 
the station has collected for all the selected pollutants in the chosen time range, according to the 
available legend in the bottom right corner of the map. When hovering over the circle, the tooltip 
appears and displays the count of measurements as well as the longitude and latitude of the 
station (Figure 4-51). 
 
Figure 4-51: Map depicting the station‘s location – tooltip visualization 
Section 4 – Average parameter values with time in the form of a line diagram 
The next graph visualizes the pollutants‘ concentration with time and it takes the form of a line 
graph, where the x axis represents the time (hourly entries in the time range the user has chosen) 
and the y axis represents the average value (the units vary according to the selected parameter 
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and are shown in the legend in the top right corner). All the values are depicted as dots and are 
connected with lines, the colours of which are given by the legend. When the user selects more 
than one parameter, then all values are depicted in the graph, represented by lines of different 
colour (Figure 4-52). When hovering over a specific dot, the tooltip appears and displays valuable 
information, such as the name and value of the parameter, the unit of measure and the specific 
date and time, as shown in Figure 4-53. Since the complexity of the graph increases with each 
added parameter, both the legend and the tooltip are very useful in deciphering the graph and 
extracting the desired information. 
 
Figure 4-52: Line diagram of average parameter values for multiple selected parameters 
 
Figure 4-53: Line diagram of average parameter values for multiple selected parameters – tooltip 
visualization 
The line diagram can only show a particular amount of entries. As a result, when the user selects 
a broader time range, the number of entries exceeds the permitted amount and there is a change 
in the time aggregation, which is automatically formatted to the next available time unit. For this 
reason, the line diagram is created using the average aggregation for the values of the 
parameters, so that when the time unit changes, the value presented is the average value for that 
time unit. In the case of daily aggregation, the tooltip will show the date for each entry and the 
average value of the measurements for that day (Figure 4-53). The name of the x axis also 
changes when the aggregation switches to another time unit, so the user will know immediately 
what kind of graph he is looking at. In order for the user to view all the entries, he can use the drill-
down feature, where they select a time period in the graph by clicking and dragging the mouse, 
and the graph automatically zooms in the selected range.  
Section 5 – Average monthly parameter values in the form of a bar chart 
The next visualization displays the average pollutant concentration per month, in a vertical bar 
diagram (Figure 4-54), where the x axis represents time (monthly aggregation in the time range 
the user has chosen) and the y axis represents the average value (the units vary according to the 
selected parameter and are shown in the legend in the top right corner). When the user selects 
multiple parameters, the y axis shows the average value of the measurements for all the selected 
parameters. The parameters depicted in the graph are represented by different colours in stacked 
bars, so as to not coincide in the graph and confuse the user. As a result, when the visible bars 
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consist of different colours, each value can be calculated by subtracting the two edges of the 
coloured part of the bar.  
 
Figure 4-54: Bar diagram of average parameter values per month for multiple selected parameters 
For example, in Figure 4-54 the average monthly value for January 2018 for the parameter SO2 is 
around 7 μg/m3, which is the subtraction of 53 from 60 and not 60 μg/m3 as one could possibly 
deduce. When hovering over a specific bar (or coloured part of a bar in case the user selected 
more than one parameter) the tooltip appears and displays valuable information, such as the 
name and value of the parameter, the unit of measure and the date in the form of the first day of 
the month represented by the bar. In this way the user can also view the exact values of each 
monthly average without further calculations.  
Section 6 – Average parameter values with time in the form of data table   
The final visualization is a table with four 
columns indicating: the date and time 
with entries every hour, the names of the 
selected parameters along with the units 
of measure and the values of these 
parameters. When multiple parameters 
are selected by the user, there will be 
multiple entries in the data table with the 
same date and time, each corresponding 
to the respective selected parameter 
(Figure 4-55).  
The table is sorted by date by default but 
the user has the option of sorting the 
table according to one of the other three 
columns. The user can also export the 
data in a csv format, either as raw data 
or formatted data. In the first case the 
data is given exactly as is and in the 
second case there are some minor 
modifications to improve readability.  
 
Figure 4-55: Data table depicting parameter values 
with time for multiple selected parameters 
The data table as a whole can only show a particular amount of entries. As a result, when the user 
selects a broader time range, the number of entries exceeds the permitted amount and there is a 
change in the time aggregation, which is automatically formatted to the next available time unit. 
For this reason, the data table is created using the average aggregation for the values of the 
parameters, so that when the time unit changes, the value presented is the average value for that 
time unit. In order for the user to view all the entries, they only have to click on the zoom-in icon 
next to each entry, and the entries for that day will be presented.  
D5.2-Visualization widget for making environmental data meaningful         CUTLER-770469 
 
Filename: CUTLER_D5.2_final.docx                                                                                                                                                                                   Page 62 of 93 
4.3.2 Dashboard 3-B (L1) ANTA - Air Pollutants Concentrations - AQI 
 
 
Figure 4-56: Dashboard 3B with AQI visualizations for the city of Antalya 
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‘Dashboard 3-B (L1) ANTA - Air Pollutants Concentrations – AQI’ visualizes Air Quality Index 
(AQI) value based on the air pollutants‘ concentration data provided by Antalya station. It is 
divided in seven distinct sections, one of which allows the user to input the time range for their 
desired visualizations and the remaining six are the resulting graphs for the user to consider 
(Figure 4-56). Since the calculation of the AQI depends on pollutant PM10, there is no need for 
selecting the parameter in this dashboard from a drop-down list. 
Section 1 – Selecting the desired time range 
The first step in achieving the desired visualization, which is applicable to all dashboards, is to 
select the time range in the top right corner of the dashboard. For the time period input in this 
dashboard, the user selected the absolute option, where they can manually enter the start date 
and the end date with great accuracy. In this case the user had chosen the time range from 
January 2018 to February 2019 to visualise.  
Section 2 – AQI in the form of a heat map graph 
The Air Quality Index is divided into categories according to its calculated value, which is 
translated to health risks that can be caused to the public. Each category is attributed with a 
colour that expresses the level of hazard from green to deep purple. This colour coding is 
visualized in the heat map graph, where the x axis represents the time (daily aggregation in the 
time range the user has chosen) and the y axis indicates the selected stations. As shown in 
Figure 4-57, each day is depicted as a thin bar painted with the colour that corresponds to the 
value of the AQI (the colours are depicted in the legend in the top right corner).  
Since the graph is colour coded, it is very easy to pinpoint the different categories and to reach 
some conclusions quickly with just a glance, nevertheless the user has the option to view each 
value separately when hovering over a day in the graph. As in all other graphs, the tooltip appears 
and displays the exact value of the AQI and the time with daily accuracy (Figure 4-57). 
 
Figure 4-57: Heat map of daily AQI – tooltip visualization 
The heat map graph is created using the maximum aggregation for a daily basis but it can only 
show a particular amount of entries. As a result, when the user selects a broader time range, the 
number of entries exceeds the permitted amount and there is a change in the time aggregation, 
which is automatically formatted to the next available time unit. In the case of weekly aggregation, 
the date shown in the tooltip for each entry is the beginning of every week and the value 
presented, is the maximum value for that week. The name of the x axis also changes when the 
aggregation switches to another time unit, so the user will know immediately what kind of graph 
he is looking at. In order for the user to view all the entries, he can use the drill-down feature, 
where he selects a time period in the graph by clicking and dragging the mouse, and the graph 
automatically zooms in on the selected range.  
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Section 3 – AQI in the form of a daily line diagram    
From the description of the calculation of the Air Quality Index, the resulted output is defined as an 
attribute of daily frequency, so the first graph that provides a meaningful visualization is a line 
diagram where the x axis represents the time (daily aggregation in the time range the user has 
chosen) and the y axis represents the value of the AQI. This is a similar graph with the line 
diagrams of average aggregation for the pollutants‘ concentration, with the difference that in this 
case the maximum value aggregation is used. All the values are depicted as dots which are 
connected with a continuous line. When hovering over a specific dot, the tooltip appears and 
displays valuable information, such as the value of the AQI, the selected station and the specific 
date, as shown in Figure 4-58.  
 
Figure 4-58: Line diagram of daily AQI for multiple selected stations with tooltip 
The line diagram is created using the maximum aggregation for a daily basis, but it can only show 
a particular amount of entries. As a result, when the user selects a broader time range, the 
number of entries exceeds the permitted amount and there is a change in the time aggregation, 
which is automatically formatted to the next available time unit. In the case of weekly aggregation, 
the date shown in the tooltip for each entry is the beginning of every week and the value 
presented, is the maximum value for that week. The name of the x axis also changes when the 
aggregation switches to another time unit, so the user will know immediately what kind of graph 
they are looking at. In order for the user to view all the entries, they can use the drill-down feature, 
where they select a time period in the graph by clicking and dragging the mouse, and the graph 
automatically zooms in on the selected range.  
Section 4 – AQI daily values and categorization in the form of data table 
The next visualization consists of a table with three columns that presents information about the 
daily value of the AQI and the category that indicates the level of hazard (Figure 4-59). More 
specifically, the information is sorted by date according to a daily aggregation and the rest of the 
data include the name of the category and the value, that represents the maximum value for that 
day, as previously applied in the line diagram. The user has the option to sort the table by any of 
the columns apart from date, which could be useful, for example, in pinpointing the days with the 
highest level of hazard. There is of course the option of exporting the data in a csv format, either 
as raw data (exactly as is) or as formatted data (with minor modifications to improve readability).  
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Figure 4-59: Data table depicting AQI values and their respective category  
 
There is a possibility that there will be multiple entries for one date, which occurs 
if in the same day, there are values that fall into different AQI categories. In that 
case, they are shown in the table as different entries and the same date is due to 
the daily time aggregation, in fact the values correspond to different 
measurements in the day. In order for the user to view all the entries, they only 
have to click on the zoom-in icon next to each entry, and the entries for that day 
will be presented. 
 
Section 5 – AQI in the form of a map 
The next type of visualization takes the form of a map, where the location of the air monitoring 
station along with the average value of the AQI for the selected time period is presented. In order 
to view the exact value of the average AQI, all the user has to do is hover over the indication on 
the map and the tooltip appears displaying the AQI, as well as the latitude and longitude of the 
station (Figure 4-60). 
 
Figure 4-60: Map depicting the location of the station and the average value of the AQI for the selected 
time range – tooltip visualization 
Section 6 – AQI Legend in the form of a picture 
The next visualization in this dashboard is not a graph, but a display of the legend that determines 
the AQI‘s level of health concern according to its numerical value (Figure 4-61). The legend is 
considered very helpful to the user in order to decipher the other graphs better, especially the 
ones in sections 2 and 7. 
 
! 
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Figure 4-61: AQI Legend 
Section 7 – Daily AQI bar diagram with coloured categories 
The last diagram is a more complex visualization of the daily AQI values, in the form of a bar 
diagram (Figure 4-62). As mentioned in the section of the heat map diagram, each category is 
attributed with a colour, from green to deep purple, according to the level of AQI and the 
corresponding level of hazard. This graph is a bit different from the other visualizations so far. The 
x axis represents the selected time range, the y axis represents the values of the AQI and there is 
a thin moving scroll bar that the user handles with the mouse tip, which shows the date and value 
for each entry, but not with the tooltip as in the previous diagrams, rather than in a dynamic 
legend in the top right corner. The date shown right over the legend changes automatically, as the 
scroll bar moves horizontally through the graph and the value shown in the parentheses next to 
the legend lines is the corresponding value for that date. Since each category only shows values 
in the predefined range, then the actual value will be the maximum value shown in the legend.  
For instance, the value for the date October 19th 2018 is 112, but in the parenthesis of the green 
line in the legend the value is 50. This occurs because that category tops at 50 and cannot display 
values over that limit. If the value was 160 for instance and would belong to the red category, then 
the green category would show the value 50, the yellow category would show the value 100 and 
the orange category would show the value 150, but the maximum value displayed in all the other 
categories is the correct one. The result displayed in the graph is a continuous bar diagram split in 
coloured horizontal lines that represent the categories of the AQI and the tip of each bar indicates 
the category and the level of hazard for that day.   
 
Figure 4-62: Daily AQI bar diagram with coloured categories – scroll bar 
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4.3.3 Dashboard 3-C (L1&L2) ANTA - Water quality 
 
 
Figure 4-63: Dashboard 3C – Water Pollutants concentrations with a choice of multiple parameters per visualization 
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‘Dashboard 3-C (L1&L2) ANTA - Water quality’ visualizes the collected data about the water 
pollutants concentration from various sampling points in the Antalya Duden Brook. The dashboard 
is divided in nine distinct sections, three of which allow the user to input the necessary parameters 
to obtain the desired visualizations and the remaining six are the resulting graphs.   
Section 1 – Selecting the desired time range 
The first selection in achieving the desired visualization is to define the appropriate time range in 
the top right corner of the dashboard. The user has various options for inputting a time period, in 
this case the absolute time range was selected. In this example the user has chosen the time 
range from April 2018 to January 2019 for their visualization.  
Section 2 – Selecting the Sampling point 
The next step required is the selection of the sampling point in the Duden Brook from the drop-
down list in the upper left section of the dashboard. In this dashboard, it is possible to select more 
than one sampling points for each visualization in order to compare the resulting graphs. If the 
user does not select any sampling points, then by default all of them are included in the 
visualization and the choice of sampling points affects all the graphs in the dashboard 
automatically, forcing them to include information only for the selected sampling points. 
Section 3 – Selecting the water quality monitoring parameters   
Apart from the time range definition, the user can control the visualization of the physicochemical 
water quality parameters by selecting what he wants to examine. In this case, the parameter drop-
down list allows the user to select multiple parameters per visualization. As a result, the user can 
view graphs that include information about either a single or multiple parameter at the same time. 
All graphs are produced automatically each time a change is made in the selection sections.  
 
The choices of parameters apply to all the graphs in the dashboard and if the user 
does not select any parameters, by default all of them will be included in the 
graphs, resulting in accurate but hardly distinguishable diagrams that are difficult 
for the user to evaluate. In the case that the user has not selected any parameters 
or sampling points the result would be even more complex. 
Section 4 – Average daily pollutant concentration in the form of data table   
The first visualization is a table with four columns, that indicate the date and time with entries 
every month, the selected sampling points, the names of the selected parameters along with the 
units of measurements and of course the values of these parameters. In the event that multiple 
parameters or multiple sampling points are selected by the user, there will be multiple entries in 
the data table with the same date and time, each corresponding to the respective selections from 
the two drop down lists described in sections 2 and 3 (Figure 4-64).  
 
! 
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Figure 4-64: Data table depicting water quality values with time for multiple selected sampling points and 
parameters 
The table is sorted by date by default but the user has the option of sorting the table according to 
one of the other three columns. There is also the capability to export the data in a csv format, 
either as raw data or formatted data. In the first case the data is given exactly as is and in the 
second case there are some minor modifications to improve readability.  
Section 5 – Station locations and number of measurements for selected parameters in the 
form of a map 
The next type of visualization illustrates the data reflecting the number of measurements of the 
selected parameter for the specified time range on a map, so that the location of the selected 
station is also visible to the user. The colour and size of the circle indicates the number of 
measurements that station has collected for all the selected pollutants in the chosen time range. 
When hovering over the circle, the tooltip appears and displays the count of measurements as 
well as the longitude and latitude of the station (Figure 4-65). 
 
Figure 4-65: Map depicting the station‘s location – tooltip visualization 
Section 6 – Average parameter values per month in the form of a line diagram 
The next graph is the most common approach to visualizing the water pollutants‘ concentration 
and other attributes‘ values and it takes the form of a line graph, where the x axis represents the 
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time (monthly entries in the time range the user has chosen) and the y axis represents the 
average value (the units vary according to the selected parameter and are shown in the legend in 
the top right corner). All the values are depicted as dots and are connected with the lines, the 
colours of which are assigned according to the legend.  
When the user selects more than one parameter or sampling points, then all values are depicted 
in the graph, represented by lines of different colour (Figure 4-66). When hovering over a specific 
dot, the tooltip appears and displays valuable information, such as the name and value of the 
parameter, the unit of measure, the selected sampling point and the specific date and time. Since 
the complexity of the graph increases with each added parameter, both the legend and the tooltip 
are extremely useful in deciphering the graph and extracting the desired information. 
 
Figure 4-66: Line diagram of average parameter values per month multiple selected parameters and 
sampling points  
Section 7 – Average parameter values per month in the form of a bar diagram 
The next visualization displays the water pollutants‘ concentration per month, in a vertical bar 
diagram, where the x axis represents time (monthly aggregation in the time range the user has 
chosen) and the y axis represents the average value (the units vary according to the selected 
parameter and are shown in the legend in the top right corner). When the user selects multiple 
parameters or sampling points, the y axis shows the average value of the measurements for all 
the user‘s selections (Figure 4-54). The parameters depicted in the graph are represented by 
different colours in stacked bars, so as to not coincide in the graph and confuse the user. As a 
result, when the visible bars consist of different colours, each value can be calculated by 
subtracting the two edges of the coloured part of the bar.  
 
Figure 4-67: Bar diagram of average parameter values per month for multiple selected parameters and 
sampling points 
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For example, in Figure 4-54 the average monthly value for June 2018 for the parameter Total 
Coliform and Sampling Point 2 is around 30,000 CFU/100mL, which is the subtraction of 20,000 
from 50,000 and not 50,000 CFU/100mL as one could possibly deduce. When hovering over a 
specific bar, or coloured part of a bar in case the user selected more than one parameters, the 
tooltip appears and displays valuable information, such as the name and value of the parameter, 
the unit of measure and the date in the form of the first day of the month represented by the bar. 
In this way the user can also view the exact values of each monthly average without further 
calculations.  
Section 8 – Water pollutant concentration values per sampling point in the form of a line 
diagram 
Figure 4-68 displays the average value of the water pollutants‘ concentration in the time range the 
user has chosen, for all the selected sampling points that have collected data for this parameter. It 
takes the form of a line graph, where the x axis represents the selected sampling points (the x 
axis changes according to the number of selected sampling points) and the y axis represents the 
average value of the parameter (the units vary according to the selected parameter and are 
shown in the legend in the top right corner). 
When the user selects more than one parameter, then all values are depicted in the graph, 
represented by lines of different colour (Figure 4-68). When hovering over a specific dot, the 
tooltip appears and displays valuable information, such as the name and value of the parameter, 
the measurement unit, the selected sampling point and the specific date and time. 
 
Figure 4-68: Line diagram of average pollutant concentration per selected sampling points for multiple 
parameters 
 
This graph displays better results when multiple or all the sampling points are 
selected for the visualization. 
Section 9 – KPIs for average water pollutant concentration in the form of a gauge chart  
The final visualization in this dashboard represents the Key Performance Indicators showing the 
change in the concentration levels of the water pollutants between the base year (ideally the year 
that a certain measure was applied) and the future year (some year after the application of the 
measure). The KPIs are calculated from the following relation: 
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In order for this graph to produce meaningful results, the user is strongly advised 
to select only one choice in both drop down lists, regarding the sampling point 
and the parameter. 
In the following example the user has selected the Sampling point 1 and the parameter ―Fecal 
coliform‖ (Figure 4-69). These are the general selections that affect the whole dashboard and by 
extension the gauge graph as well.  
 
Figure 4-69: Dashboard selections that affect the visualization of the KPI gauge diagram 
More specifically in the graph itself, the user is provided with two drop-down lists where he selects 
the two years that are necessary for the computation of the KPI (Figure 4-70). There are clear 
indications in order to appropriately choose the base and the future year. After this selection, the 
average concentration of the pollutant is calculated for each of the two years and after further 
calculations the KPI is produced as a single value that is presented on the gauge graph.  
 
Unfortunately, in this particular case, the collected data do not cover the necessary 
timespan of two years for this graph to produce results.   
Another characteristic of this graph is that it can indicate whether the estimated KPI has a positive 
or a negative environmental impact, according to the colours of the gauge. As we can see in 
Figure 4-70 the threshold is the value 100, the values before that are attributed with a green 
colour, which indicates positive environmental impact and the values after that are coloured red, 
which indicates negative environmental impact. 
 
Figure 4-70: Selection of the two years for the KPI gauge diagram 
 
It is important to mention that for the graph to produce accurate result that are useful to 
the user, the selection of the future year should always be greater as a value than the 
selection of the base year, as the label suggests. If the user selects the same year, then 
the resulting KPI will have the value of 100, as one would expect. If the user selects a 
value in the base year that is greater than the future year, the result will be certainly 
false, so we strongly suggest that the graph will not be used this way. 
 
 
! 
 
! 
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4.3.4 Dashboard 3-D (L2) ANTA - Water quality - Time difference 
 
 
Figure 4-71: Part of Dashboard 3D – Visualizations with time difference 
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‘Dashboard 3-D (L2) ANTA - Water quality - Time difference’ visualizes the collected data 
about the water pollutants concentration in the Antalya Duden Brook and specifically concerns the 
comparisons of the pollutants‘ concentration between two following six-month periods. It is divided 
in five distinct sections, two of which allow the user to input the necessary parameters for their 
desired visualizations and the remaining three are the resulting graphs for the user to consider 
(Figure 4-71). This dashboard has a unique quality, in the way that the three sections that 
constitute the graphs are repetitive, resulting in a trio of diagrams for each one of the water 
pollutants. Since there is a multitude of graphs that include information for all the water pollutants, 
there is no need for selecting the parameter in this dashboard from a drop-down list. Instead, the 
relevant water pollutant is clearly mentioned in the title of each graph. In Figure 4-71 only part of 
the dashboard is presented, since the non-visible parts are repetitions of the sections 3, 4 and 5 
that are shown in the snapshot. Since there is an element of repetition, the description of sections 
3, 4 and 5 will be offered once and will be considered applicable to the rest of the graphs. 
Section 1 – Selecting the desired time range 
The first step for the user is to select the time range in the top right corner of the dashboard. For 
the time period input in this case, the user selected the relative option, where they can choose the 
relative time difference between two dates with great accuracy. More specifically, the user has 
chosen the time range of the previous one year for the visualization. The graphs in this dashboard 
have a set six-month period time difference, that is applied to all of the selected time range. Since 
the chosen range is from January 1st 2018 to March 20th 2019, the second range of the graphs 
with the fixed six-month period difference will be from June 1st 2017 to August 20th 2018. It is 
noteworthy that with this kind of graphs, we can view results from 2017 without it being included in 
the selected time range. 
Section 2 – Selecting the sampling point 
The second input that is required by the user is the selection of the sampling point from the drop-
down list in the upper left section of the dashboard. In this particular dashboard it is possible to 
select only one sampling point for each visualization. As previously mentioned, the choice of the 
sampling point affects automatically all the graphs in the dashboard, so that the concentration of 
all the water pollutants for one sampling point is presented with a single option from the user.  
 
If the user does not select any points, then by default all of them are included in 
the visualizations, which result in very complex graphs that are difficult to 
examine and even in errors in some cases, if the time range is very broad. For this 
reason, it is strongly suggested that the user selects a sampling point for accurate 
results. 
Section 3 – Average water pollutant concentration, with time difference of six months, in 
the form of a line diagram 
The average water pollutant concentration is depicted in a special kind of line diagram, which 
incorporates three different types of visualization, a line with points for the current measurements, 
a line with points for the measurements of the previous six-month period and bars for the 
difference between the two, in each given month. In this line graph, the x axis represents time 
(monthly aggregation in the time range the user has chosen) and the y axis represents the 
average value of the water pollutant (the units vary according to each pollutant and are shown in 
the legend in the top left corner) (Figure 4-72). In this type of graph, there is no tooltip, instead the 
user handles a thin red moving scroll bar, which shows the date and value for each entry, in the 
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dynamic legend. The date shown right over the legend changes automatically, as the scroll bar 
moves horizontally through the graph and the values shown in the parentheses next to the legend 
lines are the corresponding values for that date.  
According to the legend in Figure 4-72, the petrol blue line corresponds to the current 
measurements of ―Fecal Coliform‖ for the selected sampling point 5 and the red line corresponds 
to the measurements of ―Fecal Coliform‖ of six months ago. The grey bars correspond to the 
difference of the measurements for each month. More specifically, the value 40 on December 31th 
in the example of Figure 4-72, translates to a positive impact, since the measurement of the 
current six-month period is lower than that of the previous one and this fits the desired goal. By 
generalizing this example for the whole graph, we conclude that all the instances that the grey 
bars would fall below zero, translate to negative impact and in that way the user can obtain useful 
information at a glance.  
 
Figure 4-72: Line diagram of average water pollutant concentration with time for one station with a six-
month period difference 
When hovering over a line in the legend, then the diagram will show only the values represented 
by that line, which means that if the user wants to see either only the current or only the past 
pollutant‘s measurements separately, they can do that with the help of the dynamic legend. There 
is also the option to temporarily disable one or more visualizations in the diagram, by selecting it 
in the dynamic legend. What is more, the drill-down feature is available, where the user can select 
a time period in the graph by clicking and dragging the mouse, and the graph automatically zooms 
in on the selected range. 
Section 4 – Average water pollutant concentration, with time difference of six months, in 
the form of a bar diagram 
The next visualization is very similar to the previous line diagram, with the main difference 
concerning the type of graph, that in this case is a bar graph. More specifically, the bar diagram 
incorporates three different types of visualization, bars for the average monthly current 
measurements, bars for the average monthly measurements of the previous six-month period and 
bars for the difference between the two in each given month. In this graph, the x axis represents 
time (monthly aggregation in the time range the user has chosen) and the y axis represents the 
average value of the water pollutant (the units vary according to each pollutant and are shown in 
the legend in the top left corner) (Figure 4-73). As in section 3, in this type of graph there is no 
tooltip, instead the user handles a thin red moving scroll bar, which shows the date and value for 
each entry, in the dynamic legend. The date shown right over the legend changes automatically, 
as the scroll bar moves horizontally through the graph and the values shown in the parentheses 
next to the legend lines are the corresponding values for that date.  
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Figure 4-73: Bar diagram of average water pollutant concentration with time for one station with a six-
month period difference 
According to the legend in Figure 4-73, the petrol blue bars correspond to the current 
measurements of ―Fecal coliform‖ for the selected sampling point 5 and the red bars correspond 
to the measurements of ―Fecal coliform‖ of six months ago. The legend shows the specific date, 
which is December 31st 2018, but the value will be the same for all the days of December and this 
applies to all the other months respectively. The grey bars correspond to the difference of the 
measurements for each month. As in Figure 4-72, we conclude that when they fall below zero, this 
is translated to a negative impact and in that way the user can obtain useful information at a 
glance.  
Similar to the graph of the previous section, when hovering over a line in the legend, then the 
diagram will show only the values represented by that line, which means that if the user wants to 
see either only the current or only the past pollutant‘s measurements separately, he can do that 
with the help of the dynamic legend. This also applies to the difference of the two time-series. 
There is also the option to temporarily disable one or more visualizations in the diagram, by 
selecting it in the dynamic legend. The drill-down feature is applicable in case the user wants to 
select a specific month, that is less visible due to a wider time selection from the dashboard. 
Section 5 – Average pollutant concentration per time in the form of data table 
The final presentation of data consists of a dynamic table which is divided in subsections, 
according to the number of years the user selected in the time range in the dashboard, as 
described in section 1. For example, for this visualization the user selected the time range from 
January 1st 2018 to March 20th 2019, so the dynamic data table will consist of two distinct 
subsections, as shown in Figure 4-74. In turn, each subsection is comprised of two columns that 
indicate the date (date per month) and the name of the selected water pollutant along with its 
respective unit of measure and of course the value of that pollutant. The value of the pollutant 
represents the average value of its measurements, from the selected sampling point in each given 
month. The user has the option of sorting each subsection of the table according to one of the two 
columns, independently from the other subsections and by default they are sorted by date.  
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Figure 4-74: Data table depicting water pollutant concentration for the selected sampling point 
 
At this point, it is important to note that even though the description is 
concluded, there are many more graphs included in this dashboard. The same trio 
of graphs is repeated for the following pollutants: BOD, COD, Dissolved Oxygen, 
Fecal Streptococcus, Total Coliform, Total Nitrogen, Total Phosphorus, Volumetric 
Flow and finally Water Velocity. All in all, the dashboard consists of 32 sections. 
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4.3.5 Dashboard 3-E (L1&L2) ANTA Pollutants & Number of visitors 
 
 
Figure 4-75: Part of Dashboard 3E – Correlation of parameter values with the number of visitors 
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The aim of ‗Dashboard 3-E (L1&L2) ANTA Pollutants & Number of visitors‘ is to provide 
insights regarding the correlation of the visitors‘ number with the measurements of the water 
pollutants for waterfall in Antalya. The dashboard is divided in five distinct sections, one of which 
allow the user to define the time range for their desired visualizations and the remaining four are 
the resulting graphs for the user to consider (Figure 4-75). The fifth diagram is repetitive, resulting 
in a number of similar graphs for each one of the other nine parameters. Since there is a multitude 
of graphs that include information for all the pollutants, there is no need for selecting the 
parameter in this dashboard from a drop-down list. Instead, the relevant pollutant is clearly 
mentioned in the title of each graph. In Figure 4-75 only part of the dashboard is presented, since 
the non-visible parts are repetitions of section 5. Since there is an element of repetition, the 
description of section 5 will be offered once and will be considered applicable to the rest of the 
graphs. 
Section 1 – Selecting the desired time range 
The first step in achieving the desired visualization, as was also applicable to all previous 
dashboards, is to select the time range in the top right corner of the dashboard. For the time 
period input in this case, the user selected the relative option, where they can choose the relative 
time difference between two dates with great accuracy. The user has chosen the time range of the 
previous 1 year for their visualization.  
Section 2 – Water pollutant concentration with time in the form of data table   
The first visualization consists of a table with three columns, that indicate the date (entries every 
month), the names of the parameters along with the units of measure and of course the values of 
these parameters, as depicted in Figure 4-76. This table contains information about all of the 
parameters and their values in the selected time range. The table is sorted by date by default but 
the user has the option of sorting the table according to one of the other two columns. There is 
also the capability to export the data in a csv format, either as raw data or formatted data. In the 
first case the data is given exactly as is and in the second case there are some minor 
modifications to improve readability. 
 
Figure 4-76: Data table depicting parameter values with time  
Section 3 – Number of visitors with time in the form of data table   
The next visualization is similar to the previous one and takes the form of a table with two 
columns, that indicate the date (entries every month) and the number of visitors, as depicted in 
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Figure 4-77. The table is sorted by date by default but the user has the option of sorting the table 
according to the number of visitors as well. The capability to export the data in a csv format, either 
as raw data or formatted data, exists also in this case. 
 
Figure 4-77: Data table depicting number of visitors per month  
Section 4 – Number of visitors per month in the form of a bar diagram 
The number of visitors is further visualized with a vertical bar graph, where the x axis represents 
the time (date per month in the time range the user has chosen) and the y axis indicates the 
number of visitors. This is a straightforward diagram, nevertheless the user has the option to view 
each value separately when hovering over a bar in the graph. As in all other graphs, the tooltip 
appears and displays the exact value of the number of visitors and the date as the first day of 
each month. 
 
Figure 4-78: Bar diagram of visitor numbers per month  
Section 5 – Correlation of average water pollutant concentration with the number of 
visitors in the form of a bar diagram 
This visualization consists of a special kind of bar diagram, which incorporates two different types 
of visualization, thin bars for the measurements of the water pollutant and wider transparent steps 
for the number of visitors, for each month. In this graph, the x axis represents time (monthly 
aggregation in the time range the user has chosen), the y axis on the right represents the average 
value of the water pollutant (the units vary according to each pollutant and are shown in the 
legend in the top left corner) and the y axis on the left represents the number of visitors (Figure 
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4-79). In this type of graph, there is no tooltip, instead the user handles a thin red moving scroll 
bar, which shows the date and value for each entry, in the dynamic legend. The date shown right 
over the legend changes automatically, as the scroll bar moves horizontally through the graph and 
the values shown in the parentheses next to the legend lines are the corresponding values for that 
date.  
 
Figure 4-79: Bar diagram of average monthly pollutant (COD) concentration for one station with yearly time 
difference 
According to the legend in Figure 4-79, the petrol blue bar corresponds to the measurements of 
COD (mg/L), which means that this is the average value of COD for the month of May 2018 and 
the red step corresponds to the number of visitors for the same month. The legend shows the 
specific date, which is December 31st 2018, but the value will be the same for all the days of May 
and this applies to all the other months respectively.  
When hovering over a line in the legend, the diagram will show only the values represented by 
that line, which means that if the user wants to see either only the value of the pollutant or the 
average visitors separately, they can do that with the help of the dynamic legend. There is also 
the option to temporarily disable one or more visualizations in the diagram, by selecting it in the 
dynamic legend. Similar to the graph of the previous section, the drill-down feature is applicable in 
case the user wants to select a specific month, that is less visible due to a wider time selection 
from the dashboard. 
 
 
At this point, it is important to note that even though the description is 
concluded, there are many more graphs included in this dashboard. The same 
graphs is repeated for the following parameters: BOD, Dissolved Oxygen, Faecal 
coliform, Faecal Streptococcus, Total Coliform, Total Nitrogen, Total Phosphorus, 
Volumetric Flow and finally Water Velocity. All in all, the dashboard consists of 13 
sections. 
 
 
! 
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4.4 Cork Pilot 
4.4.1 Dashboard 4-A (L1&L2) CORK Conflict Map 
 
 
Figure 4-80: Dashboard 4A – Cork Conflict map 
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‘Dashboard 4-A (L1&L2) CORK Conflict Map’ consists of a single but complex type of 
visualization with advanced controls in the form of a map, in order to assess and determine the 
optimal parking location in relation to environmental measures. This dashboard is different from 
the rest, in the way that the user does not define a desired time range or any other across-the-
board parameters. Instead, they input their choices solely on the interactive map.  
The controls of the map fall within two categories: A list of layers and a distance measuring tool. 
By selecting the icon on the top right corner of the map, the user can access the various layers 
that are available and then apply them as filters to achieve their desired visualization (Figure 
4-81). The first layer, when selected, defines the location and size of the parking facilities that will 
be considered and its selection is rendered necessary for the visualization (Figure 4-82). The rest 
of the layers concern several other environmental parameters that should be taken into account.  
 
Figure 4-81: Layers provided as controls in the interactive map 
 
  
Figure 4-82: Selection of the Parking Areas layer on the interactive map 
 
When the user applies the Parking Areas layer along with an environmental one, for example the 
Special Protection Areas (SPA), as shown in Figure 4-83, consequently they can use the distance 
measuring tool to calculate the distance between the considered parking locations and the area in 
question.  
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Figure 4-83: Selection of the Parking Areas and the SPA layer 
In order to use the distance measuring tool, the user selects the icon on the left and then they 
choose a starting point and a finish point. After that, the tool automatically calculates the distance 
and bearing between the two selected points and displays the values on the tooltip that appears, 
as shown in Figure 4-84. The user also has the option of selecting multiple points in between the 
start and finish points and the calculated values concern the total selected distance.   
 
Figure 4-84: Application of the distance measuring tool 
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4.4.2 Dashboard 4-B (L1&L2) CORK Environmental - Water level – Visitors 
 
 
Figure 4-85: Dashboard 4.B – Environmental parameters, Water level monitoring and correlation with number of visitors 
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‘Dashboard 4-B (L1&L2) CORK Environmental – Water level – Visitors’ incorporates 
visualizations of various types of collected data and more specifically about environmental 
parameters, water level monitoring and the number of visitors. The dashboard is divided in ten 
distinct sections, one of which allows the user to specify the time range for their desired 
visualizations and the remaining nine are the resulting graphs for the user to consider.   
Section 1 – Selecting the desired time range 
In order to achieve the desired visualization, the first step is to define the appropriate time range in 
the top right corner of the dashboard. The user has various options for inputting a time period, in 
this case the absolute time range was selected. In this example the user has chosen the time 
range from January 2018 to May 2018 for their visualization.  
Section 2 – Weather station location and number of measurements for selected parameter 
in the form of a map 
The first type of visualization illustrates the data 
reflecting the number of measurements of the 
four weather parameters for the specified time 
range on a map, so that the location of the 
station in Roches point is also visible to the 
user.  
The colour and size of the circle indicates the 
number of measurements that the station has 
collected for all four parameters in the chosen 
time range, according to the available legend in 
the bottom right corner of the map.  
When hovering over the circle, the tooltip 
appears and displays the count of 
measurements as well as the longitude and 
latitude of the station (Figure 4-86). 
 
Figure 4-86: Map depicting 
Roches point location – 
tooltip visualization 
Section 3 – Mean wind speed values per day in the form of a line diagram 
The next graph visualizes the mean wind speed parameter‘s values with time, as collected by the 
station of section 2, and it takes the form of a line graph, where the x axis represents the time 
(daily entries in the time range the user has chosen) and the y axis represents the value in kt. All 
the values are depicted as dots and are connected with the line, the colour of which is assigned 
according to the legend. When hovering over a specific dot, the tooltip appears and displays the 
name and exact value of the parameter, the unit of measure and the specific date and time, as 
shown in Figure 4-87.  
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Figure 4-87: Line diagram of Wind speed values per day  
The line diagram can only show a particular amount of entries. As a result, when the user selects 
a broader time range, the number of entries exceeds the permitted amount and there is a change 
in the time aggregation, which is automatically formatted to the next available time unit. For this 
reason, the line diagram is created using the average aggregation for the values of the 
parameters, so that when the time unit changes, the value presented is the average value for that 
time unit, for example a week. The name of the x axis also changes when the aggregation 
switches to another time unit, so the user will know immediately what kind of graph he is looking 
at. In order for the user to view all the entries, he can use the drill-down feature, where he selects 
a time period in the graph by clicking and dragging the mouse, and the graph automatically zooms 
in on the selected range.  
Section 4 – Wind direction values per day in the form of a line diagram 
The graph in this section of the dashboard has the exact same characteristics with the graph of 
section 3, with the great difference being the parameter displayed in the diagram, specifically the 
Wind direction mean (deg) (Figure 4-88) instead of the mean wind speed. 
 
Figure 4-88: Line diagram of Wind direction values per day  
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Section 5 – Temperature values per day in the form of a line diagram 
The graph in this section of the dashboard has the exact same characteristics with the graphs of 
section 3 and 4, with the great difference being the parameter displayed in the diagram, 
specifically the Temperature (°C) (Figure 4-89) instead of the mean wind speed or the wind 
direction. 
 
Figure 4-89: Line diagram of Temperature values per day  
Section 6 – Precipitation per day in the form of a bar diagram 
The next visualization displays the fourth parameter‘s value, the precipitation value per day, in a 
vertical bar diagram (Figure 4-54), where the x axis represents time (daily entries in the time 
range the user has chosen) and the y axis represents the value in mm, according to the legend. 
When hovering over a specific bar, the tooltip appears and displays information such as the name 
and exact value of the parameter, the unit of values and the date.  
 
Figure 4-90: Bar diagram of average parameter values per month for multiple selected parameters 
Section 7 – Ringaskiddy NMCI station location and number of measurements for selected 
parameter in the form of a map 
In the seventh section of the dashboard there is another visualization in the form of a map 
reflecting the number of measurements for the water level, as collected in Ringaskiddy NMCI for 
the specified time range, so that the location of the station is also visible to the user. The colour 
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and size of the circle also indicates the number of measurements that the station has collected in 
the chosen time range, according to the available legend in the bottom right corner of the map. 
When hovering over the circle, the tooltip appears and displays the count of measurements as 
well as the longitude and latitude of the station (Figure 4-91). 
 
Figure 4-91: Map depicting the Ringaskiddy NMCI station‘s location – tooltip visualization 
Section 8 – Average water level with time in the form of a line diagram 
The following visualization consists of a graph very similar to the ones in sections 3,4 and 5 and it 
displays the average water level with time (15 minute intervals) in the form of a line graph, where 
the x axis represents the time and the y axis represents the value in m (Figure 4-92). All the 
values are depicted as dots and are connected with the line, the color of which is assigned 
according to the legend. When hovering over a specific dot, the tooltip appears and displays the 
name and exact value of the parameter and the specific date and time. 
 
Figure 4-92: Line diagram of average water level per day with scroll bar   
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The line diagram can only show a particular amount of entries. As a result, when the user selects 
a broader time range, the number of entries exceeds the permitted amount and there is a change 
in the time aggregation, which is automatically formatted to the next available time unit. For this 
reason, the line diagram is created using the average aggregation for the values of the 
parameters, so that when the time unit changes, the value presented is the average value for that 
time unit, in this case a day. The name of the x axis also changes when the aggregation switches 
to another time unit, so the user will know immediately what kind of graph they are looking at. In 
order for the user to view all the entries, they can use the drill-down feature, where they select a 
time period in the graph by clicking and dragging the mouse, and the graph automatically zooms 
in on the selected range. 
Section 9 – Display of the average number of visitors per year as single numbers  
The next visualization is a simple display of the annual average number of visitors as single 
numbers and it is also affected by the selection of the time range in section 1. In case the user 
selects a broad time range that includes multiple years, then the graph will show the average 
number of visitors for each of these years, aiming to present an overall overview of the visitors‘ 
number.  
 
Figure 4-93: Display of the annual average number of visitors  
Section 10 – Number of visitors per day in the form of a bar diagram 
The final graph visualizes the number of visitors with a vertical bar graph, where the x axis 
represents the time (date per day in the time range the user has chosen) and the y axis indicates 
the number of visitors. This is a straightforward diagram, nevertheless the user has the option to 
view each value separately when hovering over a bar in the graph. As in all other graphs, the 
tooltip appears and displays the exact value of the number of visitors and the date. 
 
Figure 4-94: Bar diagram of visitor numbers per day 
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5. Conclusions 
In conclusion, the environmental widget combines high volumes of raw and processed data to 
deliver meaningful visual representations that assist the operator to gain a good understanding of 
the data and the correlations with other parameters and events. The dashboards that were 
prepared are available here: http://159.89.19.241/app/kibana#/dashboards?_g=() 
The information flow on the environmental widget comprises of four independent blocks: Data 
sources, Crawlers, Elasticsearch and Kibana. The data sources were available in many forms and 
formats either as a part of a web page, as a structured web service, as a file or even as an open 
database. In order to get the data from the sources, crawlers were created. Then once the 
crawlers were implemented, all data were pushed to Elasticsearch through the use of the 
Elasticsearch API. The environmental widget uses Elasticsearch to store the data using the 
provided APIs which are responsible for storing and retrieving the data. The data in Elasticsearch 
were organized in indexes. By using these indexes, dashboards were prepared in Kibana. Kibana 
is an open source data visualization plugin for Elasticsearch which provides visualization 
capabilities on top of the content indexed on Elasticsearch. It offers an easy-to-use interface, 
where policy makers can access the Elasticsearch indexes through the discover page, where they 
can display, search and filter the data according to their specifications. The visualization page 
allows the users to create and modify various visualization modules such as bar, line and scatter 
plots, pie charts and maps or time-series analysis and combine them onto a single page in the 
form of custom dashboards, which can be further filtered by overall controls or by clicking on the 
elements within the visualizations. Kibana dashboards can be easily created with the use of a web 
browser and typically, the browser is an adequate tool to build a fully-featured, informative and 
intuitive interface. Those dashboards were created to gather and present all the environmental 
information for each of the pilots. In summary, fourteen environmental dashboards were created: 
(i) five environmental dashboards for Thessaloniki pilot:  
a. 1-A (L1) THESS - Air Pollutants Concentrations (single) in which the user can 
select one station and one parameter (pollutants or humidity/temperature). 
b. 1-B (L1) THESS - Air Pollutants Concentrations (many) in which the user can 
select many stations and many parameters (pollutants or humidity/temperature). 
c. 1-C (L1) THESS – AQI in which the user can select many stations and then 
calculate AQI and see relevant visualizations. 
d. 1-D (L2) THESS - Air Pollutants Concentrations - Time difference in which the user 
can select one station and visualize pollutants concentration. 
e. 1-E (L1&L2) THESS - Speed & Emissions - Time difference – KPIs in which the 
user can select different routes of Thessaloniki and see various diagrams, and 
tables, NOx emission factors. 
(ii) two environmental dashboards for Antwerp pilot: 
a. 2-A (L1) ANTW - Historic Rainfall Data in which the can select many rain gauges 
and visualize graphs and tables for the historic rainfall data. 
b. 2-B (L1) ANTW - Historic groundwater levels in which the user can select many 
monitoring wells and visualize the groundwater level data. 
(iii) five environmental dashboards for Antalya pilot  
a. 3-A (L1) ANTA - Air Pollutants Concentrations in which the user can select many 
parameters (pollutants or other environmental attributes) and see relevant 
visualizations. 
b. 3-B (L1) ANTA - Air Pollutants Concentrations – AQI in which the user can view 
many visualizations for the calculated AQI from the available station. 
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c. 3-C (L1&L2) ANTA - Water quality in which the user can select many sampling 
points and many parameters and visualize graphs for the pollutants‘ concentration 
and the KPI gauge. 
d. 3-D (L2) ANTA - Water quality - Time difference in which the user can select one 
sampling point and visualize the pollutants‘ concentration with a time factor. 
e. 3-E (L1&L2) ANTA Pollutants & Number of visitors in which the user can visualize 
graphs for the correlation of the number of visitors with the pollutants‘ 
concentration. 
(iv) two environmental dashboards for Cork pilot.  
a. 4-Α (L1&L2) CORK Conflict Map in which the user can visualize a map with several 
layers and a distance measuring tool. 
b. 4-B (L1&L2) CORK Weather - Water level - Visitors  in which the user can visualize 
graphs about environmental parameters, water level monitoring and the number of 
visitors. 
It is expected that the environmental widget will contribute on shifting the existing paradigm of 
policy making towards an evidence-driven approach.  
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